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Profile your pathway using q 


— Disease 
a (Nioxcee 
Inflammation 


: Cell Signaling 
Apoptosis 


Cytokines 


RT’ Profiler™ PCR Arrays are powerful new tools for monitoring 
the expression of focused gene panels. With PCR Arrays, you 
can accurately profile gene expression for a biological pathway 
or disease using the real-time quantitative PCR instrument in 
your lab. 


A SuperArray 
Focus on your Pathway www.superarray.com 


QC) what can Science STKE give me? 


The definitive resource on 
cellular regulation 


STKE - Signal Transduction 
Knowledge Environment offers: 


* Aweekly electronic journal 

© Information management tools 

 Alab manual to help you organize 
your research 

© Aninteractive database of signaling 
pathways 


STKE gives you essential tools to power your understanding 
of cell signaling. It is also a vibrant virtual community, 
where researchers from around the world come together 
to exchange information and ideas. For more information 


go to www.stke.org: Sian 
To sign up today, visit promo.aaas.org/stkeas stk 


Sitewide access is available for institutions. 
To find out more e-mail stkelicense@aaas.org 


GE Healthcare illustra” 


Get attached to illustra 
for faster nucleic acid 
sample prep. 


New illastro™ nucleic acid sample prep kits from GE Healthcare give you optimal 
yield and purity. What's more, they do this in as little as half the time it takes 
the best competing products. Whether you're purifying nucleic ocids in plasmid, 
blood, tissue, cells or bacteria, you'll find that superior results and outstanding 
reproducibility come easily with illustra mini and midi kits 


With more than 20 years’ experience in nucleic acid research, we're bringing 
science to ie and helping transform healthcare, We calli Lite Science Re-imagined. 


wwnwgelifesciences.com/lustra 


Speed is crucial to the sundew plant's success. 
tt reacts rapidly, bending its tentacles to bind its prey. 
Some species can do this in just tenths of a second. 


imagination at work Stem tegen se er cosy 
SSE aie 


e057 Fat pre 05:207 


COVER DEPARTMENTS 
In superb fairy-vrens (Malurus cyaneus), 867 Science Online 
helper males can assist females by 868 ThisWeek in Science 
providing extra food to their chicks. 872 Editors" Choice 
‘When this is the case, females lay 874 Contact Science 
smaller eggs that give rise to lighter chicks, 877 Random Samples 
Females benefit from increased survival. 7 eee 
See page 941. S New s 
as 966 Science Careers 
Photo: BIOS Ruoso CyriVPeter Amold Inc. ——— 
EDITORIAL 
871 Pork and Punishment 
by Donald Kennedy 
NEWS OF THE WEEK LETTERS 
NSF Survey of Applicants Finds a System 880 Biofuels and the Environment M. W. Palmer; 897 
Teetering on the Brink . Pimentel and R. Lol Response D. Kennedy 
Firing of AIDS Policy Champion Seen as Setback 281 The Tobacco Industry and the Data Quality Act 
S.F. Schick, L.A. Bero, D. M. Cook 
83 
EUR eS OS NON AONE = Explorer Xil: Spinning Faster Than Expected 
D.H. Schaefer Response S.J. Paddack 
SCIENCESCOPE 883 ‘and O. P. Rubicam 
Controversy Continues After Panel Rules on 284 ‘An Update on a Misconduct Investigation 
Bisphenol A PM. lannaccone 
Resurrected Proteins Reveal Theit Surprising History 884 Life in Science: Stop—Look—Jump 898 
danca Event Expt by ECan CORRECTIONS AND CLARIFICATIONS 899 
Support Is Drying Up for Noah’s Flood Filling 886 
the Black Sea BOOKS £7 AL 
‘Alan Krensky Interview: Drawing a Map for the 887 The Honest Broker Making Sense of Science 900 
Twenty Seven Divisions in NIH's Army in Policy and Politics R.A. Pielke J, 
reviewed by N. E, Hultman 
NEWS FOCUS ‘Neuroscience and Philosophy Brain, Mind, 901 
Gambling on a Ghost Bird 288 and Language Mf. Bennett etal, reviewed by B. Dainton 
Predicting Oblivion: Are Existing Models 892 
Upto the Task? POLICY FORUM 
Jumping Genes Hop into the Evolutionary Limelight 894 Carbon Mitigation by Biofuels or by 902 
Saving and Restoring Forests? 
R. Righelato and D. V. Spracklen 
PERSPECTIVES 
Getting Into and Through the Outer Membrane 903 
J.Tommossen >>® 961 
Aneuploidy inthe Balance 904 
PV. jallepali and D. Pellman 
The Need to Study Speed 905 
5. Das 
Synapses Here and Not Everywhere 907 
DM Miler => 
‘AChange in Circulation? 908 
LA Church >> Report 4938 
888 
= CONTENTS cont 


www.sciencemag.or 


SCIENCE VOL317 17 AUGUST 2007 


Volume 317, Issue 5840 


900 


861 


In Vivo Relevance. In Vitro Results. 


As the leader in primary cell culture, Lonza offers a variety of 
primary stem cells, including 


Human Stem Cells 
New! Poietics® Adipose-Derived Stem Cells purely characterized 
with relevant stromal and stem markers, and a media kit 
for growth and expansion 
Multipotent Mesenchymal Stem Cells isolated from bone 
marrow, and media kits for growth and differentiation of 
several lineages 

Human Bone, Adipose, and Neural Progenitor Cells and 

Media Kits 

— Cryopreserved osteoclast precursors, preadipocytes, and 
neural progenitors with media kits for growth and 
differentiation 


Lonza Walkersville, nc, 8830 Biggs Ford Road, Watkersvile, MD 21783 


Picts is a registered rademark of Lonza Group ots subsidiaries. © 2007 Lonza Walkersville, Inc. 


www.lonza.com 


Human Hematopoietic Progenitor Cells, 
Variety of hematopoietic progenitors including CD34+, 
(0133+, and mononuclear cells isolated from peripheral 
blood, bone marrow, and umbilical cord blood 


Visit our website at www.lonzabios 
to receive a FREE Lonza Cell Mug. 
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SCIENCE EXPRESS 


EVOLUTION 
Crystal Structure of an Ancient Protein: Evolution by 
Conformational Epistasis 

E.A. Ortlund, }.T, Bridgham, M. R. Redinbo, . W. Thornton 
The structure of a 450-million-year-oldcorticoid receptor, resu 


ted computationally 
chemically, suggests haw modern harmane receptors evolved 
>> Neos story. 884 


10.1126/science.1142819 


DEVELOPMENTAL BIOLOGY 
Synchrony Dynamics During Initiation, Failure, and Rescue 
‘of the Segmentation Clock 

1H, Riedel-Kruse, C. Mille, A.C. Oates 

Amat 


ofthe segmentation clock, coupled genetic oscillators that sequentially 


agments of animals, successully predicts the results of system 


generate the body 
perturbations, 


10,1126\science.1142538 


REVIEW 
Plant Speciation 
LH. Rieseberg and J. H, Willis 


BREVIA 


ENETIC 
Human Genome Ultraconserved Elements 

Are Uttraselected 

5. Kateman et al 

Ultraconserved DNA sequences, unchanged in vertebrates for 
300 million years, are maintained by sele 
as that for coding genes. 


RESEARCH ARTICLE 
Effects of Aneuploidy on Cellular Physiology 

and Cell Division in Haploid Yeast 

EM, Torres et a 

Yeast cells containing any extra chromosome all exhibit a similar 
phenotype despite the presence of supernumerary genes 


on four 


w.sciencemag.o' 
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CELL BIOLOGY 

‘Multicolor Super-Resolution Imaging with Photo-Switchable 

Fluorescent Probes 

W.M. Bates, B. Huang, G. I Dempsey, X. Zhuang 

‘A super-resolution imaging method that uses a family of multicolor fluorescent 

probes yields images of fixed cells wth a spatial resolution of 20 to 30 nanometers. 
10.1126\science,1146598 


PHYSICS 
Signatures of Electron Fractionalization in Ultraquantum Bismuth 
K. Behnia, L. Balicas, . Ko, 
{At very high magnetic fields, charge transport in bismuth crystals behaves lke a 
1o-dimensional materials 
10.1126/science,1146509 


levich 


‘quantum fluid, an effect previously seen only i 


REPORTS 


Detection of Circumstellar Material in a 4 
Normal Type la Supernova 

F Patat et al. 

Detection of gas around a type a a standard distance 
reference, implies thatthe progenitor white dnart exploded attr 


Cannibaizing a red giant companion star. 
Radiationless Electromagnetic Interference: 
Evanescent-Field Lenses and Perfect Focusing 

R. Mer 

‘Anew method is proposed for subwavelength imaging in which 
interference produced trom planar subwavelength structures ina 
plate focuses light on the 


Coherent Optical Spectroscopy of a Strongly Driven ? 
Quantum Dot 

X. Xu etal. 

The absorption spectrum of a quantum dot containing multiple atoms 
has the splitting characteristics and signature ofa simple two-level 


system, a6 ina single atom. 


Deep Ultraviolet Light-Emitting Hexagonal Boron 

Nitride Synthesized at Atmospheric Pressure 

¥. Kubota, K. Watanabe, 0. Tsuda, . Taniguchi 

A nicel-molybdenum solvent yields high-purity hexagonal boron 
nitride crystals that emit intense ultraviolet light that may be useful 
for medical treatments and in electronics 
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Kentucky will match both Phase 1 and Phase 2 federal 
SBIR and STTR awards to our high-tech small businesses 
— no other state has a program designed to do just that. 

If you are looking for a place to locate or start a 
itucky’s SBIR-STTR Matching 
Funds program is just one of many rea 
state a look, 

We are now accepting applications from companies 


high-tech company, Ki 


ons to give our 


n Kentucky (or willing to relocate to Kentucky) for state 
funds to match federal Small Business Innovation Research 
(SBIR) and Small Business Technology Transfer Research 
(STTR) grants. Phase 1 awards are matched up to $100,000 
and Phase 2 awards up to $500,000 per year for two years 
Kentucky offers a wide range of support for high-tech 


Kentu 


2 awards 


i businesses, nts, tax incentives, and 


including gr: 
other forms of early-stage funding. Our statewide network 


of Innovation and Commercialization Centers can offer 
business management and entrepreneurial training, while 
cing, 

The Cabinet for Economic Development can make 


helping find fina 


growing a business in Kentucky fast and easy. Our low 
cost of living, low-stress commutes, and high quality 
of life amid unrivaled natural beauty are why Kentucky 
communities are rated among the best places to start a 
business and raise a family 

For more information about our SBIR-STTR Matching 
Funds and other business support programs, visit 


www. ThinkKentucky.com/dci/sbir2. 


ini 


Cabinet for Economic Development 


For more information about the SBIR-STTR program in Kentucky, call 1-800-626-2930 or visit www.ThinkKentucky.com/dei/sbir2. 
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REPORTS CONTINUED... 
OCEAN SCIENCE 
‘Temporal Variability of the Atlantic Meridional 935 


‘Overturning Circulation at 26.5°N 
S.A. Cunningham etal. 
The different components forming deep water in the North Atlantic, 
hich leads to thermotaine cculation in the oceans, can vary in 
Intensity bya factor of eight annually 
>> Perspective. 908 
‘OCEAN SCIENCE 
Observed Flow Compensation Associated with the 938 
MOC at 26.5°N in the Atlantic 
T. Kanzow et al. 
{ntra-annual fluctuations i the different sources forming deep water 
Inthe North Atlantic largely compensate one another, alloning robust 
estimates ofthe flow. 

> Perspectie . 908 
EVOLUTION 
Reduced Egg Investment Can Conceal Helper Effects 941 
in Cooperatively Breeding Birds 
AF. Russel et al, 
Female fairy-wrens lay smaller eggs when “nanny” males 
are available to help fed the young, reducing the mothers” 
‘eproductive investment and increasing their survival, 
GENETICS 
‘AWhole-Genome Association Study of Major 948 
Determinants for Host Control of HIV-1 
J. Fellay etal 
‘Asurvey of the whole human genome identities variants 
{inimmune genes that are associated with ditferences in 
Viral toad during the eaty stages of HIV infection 
NEUROSCIENCE 
Spatial Regulation of an €3 Ubiquitin Ligase Directs 947 
Selective Synapse Elimination 
‘M. Ding, D. Choo, G. Wang, K. Shen 
Indeveloping worms the pruning of excess synapses requires 
‘roteosome-mediated protein degradation and is selectively 
‘prevented by a neural adhesion molecule 
>> Perspective p. 907 
NEUROSCIENCE 
Rapid Erasure of Long-Term Memory Associations in 95 
the Cortex by an Inhibitor of PKNz 
R. Shema, TC. Sacktor, ¥ Dudai 
Even Long ater consolidation of a stable memory in rats, 
the activity ofa particular protein kinase isoform i required 
{inthe cortex forts persistence. 
>> News story 883 
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CELL BIOLOGY 
Detection of Near-Atmospheric Concentrations of 953 
CO, by an Olfactory Subsystem in the Mouse 

J. Hu etal, 

Mice can sense near-atmospheric concentrations of CO, using 

a subset of olfactory neurons that may tlize the catabolic enzyme 
carbonic anhydrase, 

BIOCHEMISTRY 

‘Structure of the Membrane Protein FhaC: A Member 957 
‘of the Omp85-IpsB Transporter Superfamily 

8. Clantin et al 

Structure and Function of an Essential Component 961 
‘of the Outer Membrane Protein Assembly Machine 

S. Kim etal 

Two structures of bacterial outer membrane proteins reveal how the 
‘polypeptide transpor-asociated domain can bind and transport 
diverse cellular proteins, 
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Carving a Career in Translational Research 966 

‘Translational Institute Unites Unlikely Partners 968 
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European Programs Offer Translational Training 968 
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What makes a first-class 
news story? 


tit 


Constance Holden Richard Kerr Colin Norman Jennifer Couzin 
2004 National Mental 2006 Geological Society News Editor ‘Aticles selected for inclusion 
Health Association: ‘of America: PublicService Science magazine _in The Best American Science 
Media Award ed Writing 2007 and 2005 
+2003 Evert Clark/Seth Payne 
‘Award for Young Science 
Journalists 


A first-class editorial team. Award-winning 


journalists write for Science—with 12 top awards S 1 
in the last four years. That's why we have the most cience 
compelling stories, and the biggest readership of 

complete list of awards go to: 


sciencemag.org/newsawards 
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Paper power. 


SCIENCENOW 


‘New Battery Resembles Paper 

Thin, flexible material could usher in new generation 

of power sources, 

The Tail Is Mightier Than the Fang 

Squires heat tail to scare olf rattlesnakes. 

The 1% Solution 

Gene- regulating regions separate humans from chimps. 


Extending a pseudopodium. 
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EDITORIAL GUIDE: Focus Issue—Cells on the Move 

J.F Foley and N. R. Gough 

New research challenges some established models for multiple 
aspects of directed cell movement. 


PERSPECTIVE: Signals on the Move—Chemokine Receptors 
and Organogenesis in Zebrafish 

J.R. Perlin and W. S, Talbot 

‘single signal elicits distinct responses in different populations 
‘of els in the zebrafish lateral line primordium. 


REVIEW: Filopodia—The Fingers That Do the Walking 

5. L. Gupton and F. B, Gertler 

"New and old players are involved in the formation of filopodia. 
PROTOCOL: Methods for Pseudopodia Purification and 
Proteomic Analysis 

¥. Wang et al. 

Cells cultured on microporous filters allow the analysis of cellular 
‘extensions separately from the bulk ofthe cell body. 


‘Anew kind of researcher. 


SCIENCE CAREERS 
wenn sclencecareers.org, 
>> Career in Tonsatonal Research feature p. 966 


GLOBAL: Special Feature—Translational Research Careers 
K Travis 

Translational research is pushing a fundamental change 

in the way science operates, while giving rise to a new type 

cof researcher: the translational scientist. 

US: From the Archives—M.D.-Ph.D. Careers, Feature Index 
J-Austin 

NLD.-Ph.D. researchers are an important part of the 
translational-research workforce. 


\SCIENCEPODCAST 


Listen to the 17 August 
Science Podcast to hear about 
‘ocean circulation changes in 
the North Atlantic, the latest 
on the ivory-billed woodpecker, 
helper effects in cooperatively 


Separate individual or institutional subscriptions to these products may be required for full-text access. 
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Overturning 
Assumptions >> 


In the north Atlantic, warm surface 
waters flow northward and east- 
ward from the Florida Strait, and 
the northward flows return as 
southward-flowing deep water. This 
‘meridional overturning circulation 
(MOO) transports huge quantities of 


Ridge mostngs 


heat from low to high northern latitudes. 
Global climate models have suggested that the flux of water transported might be decreased by global warming, which 
could have an important effect on climate, particularly that of Europe. However, there has not been a sufficiently long or 
detailed observational record to evaluate whether significant weakening has occurred (see the Perspective by Church). 
Cunningham et al, (p. 935) and Kanzow et al. (p. 938) now provide annual records of the strength of the MOC using an 
array of moored instruments deployed across the Atlantic basin ata latitude of 26.5°N. The strength of the MOC varied by 
‘more than a factor of 8 during a 1-year period from a low of 4.0 sverdrups (1 Sv equals 2 million cubic meters per second) 
toa high of 34.9 Sv, with an average flow of 18.7 + 5.6 Sv. Fluctuations of the different transport components of the MOC 
largely compensate each other, which means that robust estimates of the flow can be made over intra-annual periods. 
Thus, an earlier claim that the MOC has decreased by 8 Sv during the past decade, made on the basis of only a few instan- 
taneous measurements during that period, was premature and reflected short-term natural variability. 


Giant Smoking Gun 


Type 1a supernovae are valuable as cosmological 
distance probes because ther intrinsic bright 
ness can be inferred. However, we know litle 
about how they occur or the nature oftheir pro 
Ggenitor star systems. It is widely thought that 
type 1a supernovae mark the catastrophic death 
of a white dwar alter it has cannibalized a com 
panion star within a binary star system. By 
detecting a whiff of gas blown off during a type 
1a supernova outburst, Patat et al. (p. 924, 
published online 12 July) determined the stellar 
{ype ofits companion from its absorption tine 
characteristics. The expansion velocities of the 
438 appear to favor a red-giant companion at 
the time of the explosion 


Bright Boron 
Nitride Crystals 


The hexagonal form of boron nitride (hBN) 
resembles graphite in that itis used as a Lubri- 
cant and has good thermal conductivity, but 
unlike graphite, itis 
an electrical insu 
lator. The large 
direct band gap of 
HEN makes ita 
possible candidate 
for emission of 
deep ultraviolet 
light, which may 
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bbe of use in the electronics industry of for med 
ical treatments. Kubota et af (p. 932) have 
developed a method to synthesize high purity 
caystals at atmospheric pressure using nickel: 
‘molybdenum as a solvent. The crystals showed 
intense emission at a wavelength of 215, 
‘nanometers at room temperature. 


Into Sharper Focus 

In high-end optical systems, zone plates cut off 
the out-of-phase components of light so that a 
sharp focus is achieved further down the optic 
axis, However, these patterned zone plates still 
create a focus that suffers from classical diffrac. 
tive wavelength limitations. Merlin (p. 927, 
published online 12 July) presents theoretical 
work which shows that it should be possible to. 
design planar structures that force convergence 
of the near-field component of the optical fields, 
which would provide a subwavelength focus at 
‘some point down the axis. This approach might 
lead to a general route for achieving subwave- 
length focusing and imaging that complements 
the negative refraction route to 
such superlensing effects. 


Atom-Like 
Quantum Dots 


Quantum dots are often referred 
to as artificial atoms because 


they exhibit discrete energy levels that arise 
through quantum-confinement effects, However, 
quantum dots are typically formed from hun 
dreds if not thousands of individual atoms, so 
that many-body, or bull-like, effects are also 
present under intense optical excitation. These 
effects have been used by Xu et al (p, 929) to 
tune the absorption and gain of quantum dots 
driven by two different optical fields. They 
‘observed Autler-Townes splitting and the Mollow 
spectrum in the absorption spectrum of a single 
quantum dot, and they demonstrated gain with: 
‘out population inversion. These results should 
‘enable further well-controlled studies with quan 
tum dots and open the way for applications such 
as quantum logic gates and optical switches. 


One Too Many 


Aneuploid cells, often observed in cancer, have 
at least one extra or missing chromosome, but 
litle is known about the effects of aneuploidy on 
cell physiology. Torres et al. (p. 916; see the 
Perspective by Jallepalli and Pellman) system- 
aticaly created strains of yeast that contained an 
extra copy of one or more yeast chromosomes 
and tested how this influenced cel function. 
Some effects, like a characteristic pattern of 
gene expression, seemed to result from the 
increase in DNA content itself, whereas others, 
like increased glucose uptake, depended on 
increased transcription or translation of the extra 
genes. Some properties were shared regardless 
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HIV-1 Goes Genome-Wide 
Elucidating the genetic variability in the response of individuals to hum 
ping effective t 


munodeticiency 


ments. Fellay et 


1 (HIV-1) infection will play an increasing part in ¢ 


al. (p. 944, published online 19 July) report a whole-genome association study of host response t 
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Who’s working 
to increase support 
for science? 


Top quality research depends on comprehensive support. 
AAAS is present at every stage of the process - from 
advising on funding policy initiatives to tracking the US 
Federal R&D budgeting process. As the experts, we 
brief Congressional staffers and representatives from 
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governments around the world. And only AAAS Funding 
Updates — sent out monthly — provide continual coverage 
of R&D appropriations. By actively working to increase 
support for research, AAAS advances science. 


To see how, go to wwW.aaas.org/support 


MN AAAS 


ADVANCING SCIENCE, SERVING SOCIETY 


oso surTERIMNGES 


Donald Kennedy is 
Editorin-Chiel of Science. 


Pork and Punishment 


THE CONGRESS OF THE UNITED STATES DOES SOME FUNNY THINGS WITH RESPECT TO 
some scientific projects, Iteither likes them enough to scoop them out of some priority line and 
give them special status, or it finds them, wel, either dumb or disgusting and declines to give 
y that their executive agency has asked for. In the first instance, it finds various ways: 
z federal support to them, often going outside various established procedures for 
‘competitive review. In the second case, it amends authorization or appropriation bills to require 
the removal of particular projects that members dislike for some reason or another, 

We have long experience with both habits. The first has become so familiar that it has a pet 
name: pork, short for “pork-barrel funding,” a term that first received public notice in the late 
19th century, when individual members would compete for river and harbor projects. The proc 
by which pork is actualy distributed is “earmarking.” after the practice of notching the ears of 
livestock to claim ownership. In the development of a research agency's budget. a member Wi 
specify a suppor line fora building, project, or research facility at an institution in the member's 
district; because the budget is limited, this means that funds will be diverted from projects 
that had been competitively approved. % 

At one time this was just a cottage industry, perfected by a lone few. In the 


Northwest, for example, Senators Warren Magnuson and Mark Hatfield ain & 
Srey, — 


worked wonders for their medical schools. But the game changed when 
Gerald Cassidy and Kenneth Schlossberg put together a tiny organization 
that made pork-barrel strategizing a lobbyist’s game. Their breakthrough 
\was a special appropriation for Tufts University; once that happened, 
‘Columbia, Catholic University, and others found pork. The subsequent 
history of this malady was chronicled by Bob Kaiser in an excellent series 
inthe Hashington Post earlier this year. 

While I was at the Association of American Universities, we made express objections to 
pork-barrel funding of academic science facilities and urged member presidents to resist temp= 
tation, Some did; Cornell was a heroic example. Others, alas, didn’t, and the system continues 
tobe broken. Indeed, despite recent efforts to contro! lobbying and other sins, set-asides are still 
inand growing. and bragged about by successful members. 

Just as some members of Congress are working to support projects that probably wouldn't 
have survived the competition of peer review, their colleagues are busily trying to de-fund others 
that already have! This, too, isan ancient practice. One thing members don't like is studying sex; 
another isanything that sounds too “social-sciency,” One year, a member objected strenuously to 
a National Science Foundation project with the word “ATM” in the title, wondering why we 
‘woul! spend tax money studying automated tellers: it turned out the grant was forasynchronous 
transfer modes used in communications technologies, Wisconsin Senator William Proxmine used 
to be fond of going after projects he thought silly and even created an award for proposals he 
found especially ridiculous called the Golden Fleece Award. 

The most recent attempts attacked several projects that were identified as the National 

‘ence Foundation Authorization Act of 2007 was being considered. Representatives John 
‘Campbell (R-CA) and Scott Garrett (R-N3J) cited a total of nine grants between them for 
elimination, offering amendments that would have barred funding for them, What were the 
subjects that so troubled them? Well, one study was to analyze comparative features of 
menopause among six cross-cultural groups of women. A member defending the process 
‘asked Garrett how he would explain to the women in his constituency that he opposed studying 
menopause. His response is unrecorded, but both amendments failed and—at least for the 
moment—peer review and the competitive processes survived. 

In both of these modes, Congress is acting to substitute its own judgments for priorities 
derived through competition in which expert judgments are taken into account. There is a case 
to be made for legislative authority to redress distributional or other issues in managing the 
federal science budget. But Congress should state clearly what it is doing and why, not take 
ad hoc bites out of a process that works fairly and well. 


Donald Kennedy 


10.1126/science.1147818, 
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APPLIED MATHEMATICS 
Open and Shut 


During photosynthesis, plants collect carbon dioxide through openings called stomata but also lose water vapor 
when these pores are open. Thus, the plant must continually optimize the aperture diameter, a process thought 
to be global (coordinated over large regions of the leaf surface). To better understand the optimization mecha- 
nism, researchers inject dye into a plant leaf and then use time-lapse videography to track fluorescence changes 
as the stomata open and close. However, processing the video sequence is mathematically tricky: Standard 


MOLECULAR 


Islands of Silence 


In eukaryotes, DNA is packaged into chromatin, 
which serves asa platform for regulating access 
to the genome and modulating transcription, 
‘epair, and replication. Heterochromatin marks 
regions where, generally, genes are silenced; i is 
largely restricted to centromeres, the inactive X 
chromosome, and telomeres, and is thought to 
spread unless constrained by molecular barriers, 
Euchromatin, on the other hand, defines regions 
where genes are active, Yet silenced genes can be 
found among active genes. Do they exist as 
‘microdomains of heterochromatin, or are they 
some other form of repressive chromatin? 

Regha et al, have examined the lgfR2 
imprinted region on mouse chromosome 17. 
Here, the overlapping Air and lgf2r genes, with 
promoters a mere 26 kb apart, are reciprocally 
tepressed on maternal and paternal chromo: 
somes, Though silenced by different mecha 
nisms—Air by DNA methylation and lgf2r via a 
‘noncoding RNA—the promoters of both genes 
bear highly localized marks on the histone com 
‘ponents of their chromatin that match those 
found in classically defined regions of hetero 
chromatin, specifically histone H4 trimethylated 
‘on lysine 20 (H4K2Ome3) and H3K9me3. Fur 
thermore, these marks do not spread through the 
body of the gene, The results indicate that hete 
tochromatin and euchtomatin can be highly 
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‘methods to identify the synchronized dynamics of fluorescing patches in two 


or overemphasize unimportant detail 


interspersed, even to the point where hetero 
chromatin peaks can exist within the transcribed 
region of a neighboring active gene. In contrast, 
genes in regions that show tissue-specific repres: 
sion are marked with broad swaths of H3K27me3, 
which delineates a second and perhaps long-term 
repressive chromatin state. — GR 

Mol. Cell 27, 353 (2007), 


AKicl 
The unsurpassed filtration ability ofthe kidney is 
‘underpinned by the exquisite cellular architec 
ture of the podocytes. These cells extend foot-like 
processes that abut the multilayered barrier of 


‘basement membrane and epithelial cells, on the 
other side of which lies the capillary 


lumen. The integrity of this bar: [ 


tier (which is permeable 
. F 


k in the Kidneys 


molecules), and in 
particular the mesh 
like connections 
between the 
podiocyte feet, are 
essential for prevent- 
ing the escape of pro 


to water and small 


teins into the urine GTP (spheres) pro- 
(proteinuria). Severet motes higher-order 
ail, show that an intra- assembly of dynamin 
cellular GTPase, (greenvpurple). 


wow: 


spatial dimensions and one time dimension can neglect important changes 
Luttman and Bardsley have 
devised an algorithm based in variational calculus to extract the 
three-dimensional evolution of stomatal patch dynamics from 
experimental data, After preprocessing video of a fluorescing 
cocklebur leaf to remove noise and normalize changes in light- 
ing, they identified the patches by looking for segmentations 
of the data that yielded the optimal division of light and 
dark regions. Processing of the spatial and temporal data 
as a whole proved essential; analyzing each frame inde- 
pendently resulted in meaningless segmentation, — DV 
SIAM]. Sc. Comput. 29, 1550 (2007). 


dynamin, is required for the maintenance of 
ppodocyte morphology. Dynamin contains a clea 
age site for the intracellular protease cathepsin L, 
and in proteinuric kidney disease, cleavage leads 
to the rearrangement of the actin cytoskeleton in 
the podocytes and collapse of the feet. Ina 
‘mouse model of proteinuria, introduction of a 
protease-resistant dynamin or a dynamin that 
assembled into protease-resistant higher-order 
structures restored podocyte function and 
resolved their symptoms, Dynamin has previously 
been implicated in endocytosis in neuronal and 
other cells, but a specific role in kidney anatomy 
‘was unanticipated. — SMH 

J. lin, Invest. 147, 2095 (2007. 


Slip Stiding Away 


During earthquakes, very high stresses within the 
‘rust press the two sides of the fault together so 
hard that they should be effectively locked 

together by friction. In the laboratory, 
rocks are similarly difficult to rip apart. 
Yet in the landscape setting, faults 
rupture suddenly and easily. Various 
explanations for this conundrum have 
been put forward, including fautt 
\ubrication by fluids or weakening by seis- 
ric vibrations. Recent experiments suggested 
that the rocks themselves may become slippery 
during rupture if they are heated or interact with 


ncemag.org 


fluids; sitca get may lubricate quartz rocks and 
fine powder may ease sliding in carbonate rocks. 
Hirose and Bystricky have found support for 
another hypothesis: fault weakening through 
dehydration of embedded phylosilicate clays. 
They carried out high-velocity friction experi 
‘ments on natural serpentinite (a phyllsilicate) 
‘under conditions mimicking an earthquake and 
‘measured the heat generated by friction and the 
resulting rock strength. An observed increase in 
hhumiity implied that water was lost from the 
serpentinite during sliding. Dehydration requires 
temperatures of about 500°C, which the authors 
argue might be attained where bumpy asperities 
tub together, —]B 

Geophys Res. Lett, 34, 114311 (2007) 


CLIMATE SCIENCE 


Trop Chaud? 


The summer of 2003 was the hottest on record 
in Europe over the past 500 years; the summer 
(of 2006 was almost as hot, and the heat was, 
even more widespread. Were these extremes 
part of a trend that can be expected to con. 
tinue? Della-Marta et al. compiled 54 tempera 
ture records from western Europe (6 based in 
Scandanavia, 12 in the Iberian Peninsula, and 
36 in the central region) to determine how the 
daily summer maxi 
‘mum temperatures 
there have changed 
since 1880. They 
ound that the length 
of summer heat waves 
thas doubled and that 
the frequency of hot 
days has nearly 
tripled over that inter 
val. These changes are 
the result of a combi 
nation of a long-term 
trend toward higher 
temperatures and a significant increase in the 
intrinsic variability of western European daily 
summer maximum temperatures, particularly in 
the central region, —HJS 

1. Geophys, Res. 122, 015103 (2007) 


IMMUNOLOGY 
A Regulatory Trio 


Immune responses rely on many regulatory 
strands that may act independently or coopera: 
tively. Machay et al. provide evidence for the 
intersection of three prominent regulatory 
‘mechanisms in mice that develop in response to 
tumors. Their study builds on the previous iden: 
§ tification of an immune-suppressive dendritic 

5 cell (0 subset present in lymph nodes that 
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drain from tumors. Although the potent trypto- 
phan-degrading enzyme indoteamine 2,3: 
dioxygenase (IDO) produced by these cells 
already has its own direct immune-suppressive 
credentials, it emerged that this source of IDO 
could rouse local regulatory T cells. These cells 
also possess their own direct suppressive activ 
ity, but in this case provided additional feed: 
back on 100-expressing DCs to induce the 
expression of the cell-surface protein PD-L1. 
which curbed the proliferation of T celts in cul 
tute. Blocking PD-L1 with antibodies or growing 
tumors in IDO-deficient mice interfered with 
the inhibitory activity exerted by regulatory T 
Cells. This study raises the question of whether 
equivalent suppressive pathwrays induced by 
100: producing DCs and linked through the 
activity of regulatory T cells might also develop 
in response to tumors in humans. — S]S 

1. Clin, invest, 117, 10.12721131912 (2007). 


siocnemistRy 
Studying lons in Depth 


Detailed understanding of how particular proteins 
function in human cells can provide the founda 
tion for pathophysiology-based therapies, but it 
rarely i feasible to study these proteins directly. 
Instead, bacterial substitutes are usually more 
tractable, and the application of 
homology modeling and site-specific 
mutagenesis of mammalian proteins 
an yield useful insights, Forrest et 
‘al, offer a rigorous example of this 
approach, starting with a previously 
published structure ofa bacterial 
amino acid transporter, LeuT, which 
is representative of transporters that 
‘couple the movement of small mole 
cules, such as leucine and serotonin, 
tothe transmembrane Na* gradient. 
From an analysis ofa structure 
based sequence alignment of LeuT 
with the serotonin transporter (SERD, they find 
that the carboxylate of a buried glutamate in LetT, 
in which leucine transport is C-independent, 
‘occupies the same location as a chloride ion (coor 
dinated by a serine) in SERT, which exhibits Cl 
stimulated serotonin transport. Changing the ser- 
ine toa glutamate or aspartate had no effect on 
the basal transport activity of SERT but fully abro- 
gated the stimulation by Cl-, and further mutage- 
‘esis of other Cl-coordinating residues in other 
amino acid transporters confirmed the predicted 
effects on activity. Other modulators of leucine 
transport by LeuT include the tricyclic antidepres 
sants, as shown by Singh et al. (see also Zhou 
etal, Science Express, 9 August 2007) — GIC 
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Opening NASA's Vault 


The moon shots that researchers and the 
public have gazed at over the years are 
mainly copies—or copies of copies—that 
don’t match the originals in clarity, color, 
or contrast. 
But at last, we all will get to see the 
originals. Arizona State University 
(ASU) in Tempe, the Lunar and 
Planetary Institute, and NASA 
are posting high-resolution 
scans of the 35,000 photos 
{rom the Apollo missions 
from film that has been chilling 
ut in a freezer in Houston, Texas, for more 
than 30 years. 

The digitized images wil enable researchers 
to draft more precise topographic maps of the 
lunar surface, for example, and to evaluate 
possible landing sites for future moon missions, 
says geologist Mark Robinson of ASU. 

The archive i just gearing up but will have 
several hundred images by next month, >> 
apollo.sese.asu.edu 


What's My Bite 


Using finite-element analysis, a computer: 
simulation technique employed in engineering, 
Australian scientists have put together a 
super-refined virtual skull that reflects the 
properties of different types of bone in meas 
turing stresses. Paleontologist Stephen 
Wroe of the University of 
‘New South Wales in Sydney 
says models such as this, 
chimp skull, based 
con hundreds of 
computed tomogra: 
phy scans, can be 
used for testing 
applications such as 
surgical procedures, 
crash helmets, and 
dental prosthetics. 
His team also 
hhopes to model skulls 
of ancient human 
ancestors to see how 
their biomechanical 
features differed and illuminate their dietary 
leanings and limitations. t's a “novel and use: 
ful approach,” says paleoanthropologist Dean 
Falk of Florida State University in Tallahassee. 
“I'd love to see what they come up with for 
Paranthropus"—a heavyset australopithecine 
believed to have favored plants and grubs. 


‘Chimp skull showing 
the distribution of 
stress during a bite 
atthe second molar. 
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‘Archaeologists in Hungary announced this month that they have unearthed a 7-million-year-old 
forest that has resisted fossilzation, the largest ofits kind in the world. 

Strip miners stumbled across stumps while digging for coal, Scientists from Edtvbs University 
in Budapest have identified the remains of 16 Toxodium trees, similar to Florida cypress, stand: 
ing as much as 6 meters tall and 3.5 meters in diameter. They were preserved in a Miocene swamp 
after sand engulfed them, shielding them from wind, rain, and degrading fungi, says paleontol 
‘gist Miklds Kazmér, 

The cellulose that makes up the cell walls of the tree has long since broken down, but the 
‘emaining lignin has kept the trees standing although very crumbly. Researchers are wrapping 
the stumps in plastic and submerging them in water to preserve them while they raise money for 
a costly several-year polymer bath. 

The forest offers a rare “high-resolution photograph from the past,” says Kazmér, who notes 
that almost all ancient nonfossiized wood so far found has been driftwood. Paleoecologist 
Christopher Williams of Franklin and Marshall College in Lancaster, Pennsylvania, says scientists 
‘can learn a lot from these tres, including the thickness of the canopy and how much carbon they 
sequestered. Kizmér adds that biologists are eager to collect DNA samples in hopes of finding 
ancient organisms. 


University of Denmark in Lyngby to broaden 
3 100-year-old model of optical scattering 
called Lorenz-Mie theory, The team extended it 
to include irregularly shaped particles like the 
constituents of milk, seawater, and other light 
absorbing substances. 
The technique can 
also be run in reverse 
toderive a substance’s 
‘composition from 
digital photographs. 


Instant Milk 


For visual-effects creators, rendering 
objects lke the mist-emitting Pensieve 
in Hany Potter is no mean feat 
Even creating a realistic glass of 
milk can take computer artists hours 
of tedious work, But a new image: 
generating technique may accurately 
replicate many substances given only the type 
and amount oftheir ingredients 


“if we know what it's made of, we can say Commercially, this 
what looks like,” says computer scientist could make it possible 
Henrik Jensen of the University of California, to spot spoiled or 

San Diego, who outlined the technique last week contaminated food. 

at a computer-graphics conference in San Diego. ADanish company, 


Jensen, who won 2 2004 Academy Anard 
for a novel method of rendering skin that was 
used to create The Lord of the Rings’ Gollum, 
worked with colleagues from the Technical 


Danisco, is interested 
in using it to check 
the freshness of milk 
and ice cream. 
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Who’s helping bring 66 Asa child | got very interested in space travel. 


When | was six my father gave me some 
books on rockets and stars, And my universe 


the gift of science 


suddenly exploded in size because | 
realized those lights in the sky | was 
looking at were actually places. 


to everyone? 


| wanted to go there, And | discovered 
that science and technology was a gift 
that made this possible. The thrill of most 
Christmas presents can quickly wear off, But I've 
found that physics is a gift that is ALWAYS exciting. 


I've been a member of AAAS for a number of years. 
I think it’s important to join because AAAS represents 
scientists in government, to the corporate sector, and 
to the public. This is very vital because so much of 
today's science is not widely understood, 


| also appreciate getting Science because of the 
breadth of topics it covers. It gives me a great 
grounding for many activities in my professional life, 
such as advising government agencies and 

pivatecoponations 99 


jim Gates is a theoretical physicist and professor at 
the University of Maryland, He's also a member 
of AAAS. 


See video clips of this story and others at 


www.aaas.org/stories 


S. James Gates Je, Ph.D. 
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ON CAMPUS 

BIO FALLOUT, A top official at Texas A&M 
University (TAMU) in College Station has 
stepped down amid a scandal over biosafety 
problems that has shut down biodefense 
research atthe school. Richard Ewing, 
TAMU vice president of research, resigned 
‘0n/1 August following lapses that have put 
the school under “tremendous scrutiny,” 
Ewing wrote in a letter to colleagues, 

TAMU’s problems began with its failure 
to tell the Centers for Disease Control and 
Prevention (CDC) in Atlanta, Georgia, 
that one worker had contracted brucellosis 
and three others were exposed to Q fever 
last year. In late June, CDC ordered the 
school to suspend all research on potential 
bioweapons pathogens, noting that a 
Brucella aerosol experiment apparently did 
not have CDC approval. The Dallas Morning 
‘News has since reported that the infected 
lab worker didn’t have approval to work 
with the agent. Ewing, a tenured professor, 
will return to the mathematics department 
on 31 August. 


MONEY MATTERS 

CANCER FIGHTER. A billionaire cancer 
survivor is donating another $700 million 
to combat the disease, 


. Wagstaff collaborated with computer scientists 
at the University of Edinburgh, where he teaches composition. 
highly unusual topic; [can't think of another opera featuring a singing 
computer,” says Gordon Duckett, administrator of the universit 
School of Informatics, who had several discussions with Wagstaff. 
“Julian's raising awareness of how far computing has come and ques- 
‘we mean by artificial intelligence.” 


I NEWSMAKERS 


EDITED BY YUDHIJIT BHATTACHARJEE 
MACHINE MIND. There are no gondolas or 
‘Venetian masks in composer Julian WagstaiTs 
first opera, which premiered in Edinburgh, 
UK. this week. Instead, The Turing Test tells 
the story of two scientists competing to ere- 
ate the ultimate intelligent machine. 
Wagstaff was inspired to create the work 
afier a visit to the Massachusetts Institute of 
Technology's museum in Cambridge, where 
he was impressed by an exhibit about the 
English mathematician Alan Turing’s test for 
‘human intelligence in a computer. He hopes 
that the opera will convey the challenges 
involved in creating a computer that meets the 
Turing test eriteria—namely, that you can’t 
tell the computer from a human when you 
chat with it via a keyboard. “The biggest hur- 
dle is designing a computer that you can im- 
‘bue with culture and that can produce natural 
language.” says Wagstaff, who has 
worked asa linguist and a 
computer programmer. 


polystyrene egg carton and the clamshell 
Big Mac box. Last month, his current company, 
the Salt Lake City, Utah-based Huntsman 
Corp., agreed to a $10.6 billion takeover bid 
by New York-based Apollo Management. 

"One of two men and one of three women 
[in the United States] will develop cancer at 
some point in their lives,” says Huntsman, 70, 
who has suffered from mouth, nose, and 
prostate cancer. "Every family will be affected 
at some point. There's a great need for money 
for research.” 


MOVERS 
NOT SO FAST. Sometimes links to one’s home 
institution can get in the way of a once-in- 
lietime opportunity to do something bigger 
That's what happened to oceanographer 
‘Mark Abbott of Oregon State University 
(OSU), Corvallis, who's changed his mind 
about leading the geosciences direc 
torate at the National Science Foun- 
dation after NSF's lawyers tld him that 
‘s his continuing ties to OSU posed an 
insurmountable obstacle. 
Academics who come to NSF to take 
‘up such senior positions typically go on 
leave from their institution—Abbott is 
dean of the College of Oceanic and 
‘Atmospheric Sciences—and then recuse them- 
selves from all pending decisions on grants and 
other matters involving their school, But that 
‘would have been impractical, says Abbott, given 
the breadth of NSF funding going tothe college 
“In the end, there would have been so many 


11993, Jon Huntsman Sr. 
established the Huntsman Cancer Institute at 
the University of Utah in Salt Lake City with his 
wife, Karen. Since then, he has gifted more 
than $225 million to it. The new donation will 
help expand the institute’s treatment efforts 
and research, which focuses on the genetic 
causes of cancer. 

Huntsman made his fortune developing the 


‘geoscience programs involved that I couldn’ 
| even be in the room” during discussions, he 
says. And so NSF will resume its search, 


A Life in Science >> 


/ TREASURE TROVE. If you think words like “a total waste of 
time ... wil start again” come from the margins of a strug- 
‘ling graduate student's diary, think again. You'll find 
them—and similar remarks—in the laboratory notebooks 
of a two-time Nobel laureate and founding father of 

| genomics, Frederick Sanger. 

Last week, the British Biochemical Society received a 
Wellcome Trust award to catalog and preserve the note- 
books—35 in all—in which Sanger recorded his ground- 
breaking research from 1944 to 1981. The books, which the 
biologist donated to the society in 2005, describe both the first sequencing of a protein (insulin), 
which eared Sanger his first Nobel Prize in 1958, and the first sequencing of DNA, for which he 
shared the Nobel Prize with Paul Berg and Walter Gilbert in 1980. 

“He was a genius at slving practical problems, finding biochemical tricks to get the answer 
he was looking for,” says Georgina Ferry, who met Sanger while researching her biography of 

| Max Perutz. And yet, “he is the most self-effacing person you could hope to meet.” Sanger 

\_ fetired in 1982 and now spends his time gardening at his Cambridgeshire home. 
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GRANTS MANAGEMENT 


NSF Survey of Applicants Finds a 
System Teetering on the Brink 


A new survey by the National Science Foun- 
dation (NSF) offers an inside look into the 
minds of those secking funding from the 
6 billion agency. It reveals a merit-review 
system that's bend ak 


but not be 


increased strain, 

The survey, conducted for NSF by Booz 
Allen Hamilton, a consulting firm head- 
quartered in McLean, Virginia, explores the 
effects of a stressful period (2000-2006) in 
Which the agency boosted the size of grants 


but held the number of awards steady and had 


to reject an increasing 1 
The result has been a lose-lose sit 


mber of applications, 
tion: Pro- 
am managers and reviewers have had to 
‘work harder, and principal investigators have 
found it tougher to obtain a grant. The good 
news is that most of the 24,378 scientists who 
filled out the online survey (a 56% response 
rate) think the system is thorough and fait. 
Sent last fall to everyone who submitted a 
research proposal to NSF in the past 3 years 
(more than half were also reviewers), the sur- 
vey also paints a picture of the typical appli- 
cant, He's someone (three-fourths are men) 


\who underestimates his chances of success but 
would have a go regardless of the odds. He 

primarily to keep his lab 
iat and is prepared to try and try again ifhis 


needs the mone 


Who's got the brightest ideas? 


initial application is rejected, He’sreviewed up 
toa half-dozen proposals for NSF in the past 
12 months, sometimes cutting corners, and 
thinks that few contain potentially transform: 

i 


existing paradig 
NSF officials say the survey results and 
report by an internal commit- 
tee (nsf0745) will help them address the 
growing burden on the staff and the comm 


ty without compromising the merit-review 
process. NSF Director Arden Be 
ticularly concerned about w 


at he calls 


“churn”: excellent proposals that keep 
ting revised and reviewed because funding 
sare so low. “They clog up the system, 


he says, 
prog 
who should be doing research rather than 
rewriting their proposals”” 

But altering one part of the process has a 
ripple eflect. Respond 
grants were too small, for example, NSF has 
boosted the size of the average award by 
34% since 2000. But those larger grants swal- 
lowed up nearly all the 44% growth in NSF’ 
budget over the period. At the same time, the 
number of applications rose by 47%, With the 


‘and they're a burden on everyone: 


officers, reviewers, and scie 


ists, 


D<10% 

Bi 10%-25% 
Bi 26%-50% 
51%-75% 


HH 76%-100% 
DNot sure 


Percentage of proposals 
you've reviewed that represent 
transformative research 


Percentage of proposals 
you've submitted that represent 
transformative research 


‘Amatter of opinion. Reviewers are much more likely to consider their onn proposals pathbreaking 
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one Roadmap 


How low can it go? 
35% 


3S 533 


Percent who would apply 


Fs 


me 5% 10% 20% 30% 40% None 


‘Minimum success rate 


No limits. A plurality of NSF applicants would 
consider submitting a grant proposal regardless of 
the expected success rate, 


‘number of awards holding steady. fungling rates 
plummeted from 30% in 2000 to 21% last year 
That decline, in turn, caused some pro: 
gram managers to limit the numberof applica- 
tions from scientists and/or their institutions, 
About one-quarter of NSF's 350 funding 
opportunities now impose some restric 
‘on applicants; an infrastructure or training ini- 
tiative might allow only one application per 
school, for example, and some program solic: 
do likewise for prin 
tigators. Other programs have begun to require 
preproposals, with only those that make the 
submitting a full proposal, 

The survey found that about one-third of 
scientists have submitted preproposals, but 
that the jury is still out on whether the 
approach saves scientists" time, improves the 


quality of the final proposal, or curbs the num- 
ber of applications. Bement doesn’t expect the 
practice to spread but adds that it can b 
ful tool. “I think the directorates have been 
judicious in selecting those limitations that are 
effective without restricting access,” he says 
NSF officials don’t know the reason forthe 
increased demand, and the data don’t support 
one pet theory. The budget of the National 
Institutes of Health (NIH) has basically been 
flat since a S-year doubling ended in 2003, and 
there was speculation that applicants would 
turn to NSF for help. But that’s not the case: 
The number of submissions to NSF's biology 
directorate has risen by roughly the same rate 
through thick and thin NIH budgets. In addi- 
tion, only 11% of survey respondents said > 


wawwsciencemag.org 


that their decision to seek NSF funding was 
ly affected by fund 
The survey also found that one in six sci- 


cuts elsewhere, 


centists decline an invitation to review propos. 
als, either by mail or in person at NSF's 
Arlington, Virginia, headquarters, Nearly 
two-thirds of those who say no cite a lack of 
time. Some 70% who said no reported bei 


asked to do more reviews, and 36% say they 


SOUTH AFRICA 


are devoting less time to each review. But 
158 perhaps 
the 


a conflict of interest 
asa potential collaborator 


also cit 


despit 
zency’s attempt to spot such conflicts ahead 
of time. In addition, one in six admit that the 


quality of their reviews has suffered as the 
number increases. 
Bement says that b 


he’s encoura essional support to 
date for President George W. Bush's proposal 
last year to double NSF's budget over 10 years, 
Otherwise, he says, the situation will only get 
worse, “My fe: ible 
downward spiral, with funding rates so low 
that people stop submitting and we can’t find 
reviewers, “Right now we're 
JEFFREY MERVIS. 


is getting into an irrever 


on the precipice” 


Firing of AIDS Policy Champion Seen as Setback 


PRETORIA, SOUTH AFRICA—Last 
week's dismissal of South Africa's 
deputy health minister has 
angered HIV/AIDS treatment 
activists and exacerbated con 


cers among researchers and eli 
nicians that the government's 
commit 
lic health strate 
be slipping. 


nt to a new 5-year pub- 
on AIDS may 


The deputy minister, Nozizwe 
Madl r 
most outspoken government adlvo- 
HIV/AIDS cam: 
paign and a champion of a plan 
adopted this spring, that calls for 
cutting in half the HIV infection 
rate (nearly 19% of the adult popu 
lation) and quadrupling the num- 
ber of infected persons receivis 
antiretroviral (ARV) therapy by 2011. South 
Africa has the world’s largest number of 
HIV-infected persons, an estimated 5.5 mil- 


lion, of which about a quarter-million now 
receive ARV therapy. In firing her, President 
Thabo Mbeki claimed that Madlala 
hadn't been a team player and had made 


Routledge 


unauthorized trip, 

Pediatric AIDS researcher Hoosen 
Coovadia of the University of KwaZulu- 
Natal in Durban said he 
Madlala-Routledge’s removal because she 
had “worked hard at reestablishing trust and 


s concemed about 


confidence with civil society, includin 
mu AIDS re: 
and the government have ofien been at odds 


lerided scientists archers 
over issues such as the Health Department's 
long-running support for nonstandard med- 
ical remedies. Coovadia and others worry 
that the deputy minister's departure could 
endanger the implementation of the 


Sudden exit. Deputy Health Minister Nozizwe Madla 
alter traveling to Madrid for a meeting on HIWAIDS vaccines. 


HIV/AIDS plan, the result of lengthy n 
ions that ended earlier this year (Science, 


farch, p. 1651) 


Francois Venter, who heads the Southern 
African HIV Clinicians Society, called the fir- 
ing “awful” because Madlala-Routledge had 
groups of “a new era of 
cooperation in tackling a difficult issue.” The 
AIDS and Rights Alliance for Southern Africa, 
a network of 20 AIDS and human-rig 
foupsin southern Africa, saw the dismissal 
a political reprisal for the deputy minister's 
outspokenness and truthfulness.” 
Mbeki’s office denied any ch: 
HIV/AIDS policy and made public his dis- 
missal letter to Madlala-Routledge. which 
n about her “inability to 
work as part of The president 
cited her failure approva 
travel to Madrid in June to attend an Inter: 
tional AIDS Vaccine Initiative (IAVI) confer- 


convinced activist 


ts 


expressed his cone 


a collective 


receive prio wo 
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a-Routledge lost her job 


AUGUST 20 


ence, When the deputy minister 


ned that her request had been 
rejected, she flew back to South 
Africa without attending, expla 
ing later that Mbeki told her that 
“he believed that politicians have 


nothing to say in a conference of 


technocrats and researchers.” Even 
so, several government officials 
from around the worldattended the 
session, In a statement, IAVI said 
planners “thought it was important 


to include a high-level representa 
tive of South Africa’s health min- 
istry." given the extent of the 
nation’s HIV/AIDS epidemic 

Ata fiery news conférence in 
Cape Town last week, Madlala- 
Routledge expressed hope that her 
dismissal would not weaken the 
new strategy ifthe 
spirit of unity we had achieved will remain 


People are waiting to se 


intact. We really do need a united Gov- 


cemment spokesperson Themba Maseko told 
Science that the dismissal will not impact pol- 


commitment to the strategie plan 
everything in its power to ensure that we mee 


itstan 

But many activists were skeptical. Sev- 
eral groups have complained, for example, 
that after 5 years, South Africa's mother- 
child HIV prevention prog 
expanded beyond 30% coverage. The Health 
Department counters that it is making 
progress. Activist groups are planning to 
review their strategies. Mark Heywood, 
director of the AIDS Law Project in Johan- 
nesburg, says more pressure needs to be 
“to make sure the AIDS plan is 
ROBERT KOENIG 
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NEUROSCIENCE 


Enzyme Keeps Old Memories Alive 


Many substances interfere with memor 
any hung-over partygoer can attest. But 
although booze and drugs can disrupt the 
making of new memories (such as the 
embarrassing antics at last night's party), 
they leave older memories intact. Neurosci- 
entists think this is because, after a time, 
memories become wired into the brain in a 
way that makes them harder to wipe out: 
Long-term memories, in the generally 
accepted view, are maintained by structural 
changes to the synaptic connections 
between neurons. 

‘A study on page 951 adds to other recent 
evidence that may challenge, or at least 
complicate, this view. A team of neuroscien- 
tists reports that injecting a drug that blocks 
an enzyme called protein kinase MC 
(PKM{) into the cerebral cortex of rats 
makes the animals forget a meal that 
made them sick weeks earlier. The 
findings suggest that the continuing 
activity of PKMC is somehow neces- 
sary to maintain long-term memory, 
something that’s not predicted by most 
current hypotheses on the mechanisms 
of memory. The work also hints at the 
possibility of future drugs that could 
tinker with memory—for therapeutic 
uses or for boosting brainpower 

“This is a somewhat mind-blowing con- 
clusion,” says David Glanzman, @ net 
eentist at the University of California, Los 
Angeles, Enzymes similar to PKMC are 
known to be important in early stages of 

ory formation, Glanzman says, but 
most researchers had thought that these 
& compounds were not needed to sustain 
‘memory once synaptic changes—such as 
the growth of new synapses or the strength- 
ening of existing ones—had occurred 
In the new study, Todd Sacktor of State 
é University of New York Downstate Medical 
{ Center in Brooklyn and Reut Shema and 
3 Yadin Dudai of the Weizmann Institute of 
3 Science in Rehovot, Israel. first gave rats an 
unsavory meal to remember. They added a 


he 


novel taste, saec 9 the rodents’ drink- 
ing water, then 40 minutes later gave a 
ig injection of lithium. Rats 

normally avoid saccharin-laced water for 
& weeks after such an experience. But in the 
# days that followed, when the researchers 
2 injected the PKMC-blocking drug. called 

ZIP, into the insular cortex, where taste 

memories are thought to reside, rats lost 
5 their aversion to saccharin within 2 hours 


www sciencemsg.ora 


and did not recover it in the 25-day study 
period. Moreover, giving the injection up to 
25 daysafter the nauseating meal erased the 
aversion. Yet when given prior to saccharin 
exposure, ZIP had no effect on the ability t0 
form new memories—the rats still learned 
to avoid the flavored water. 

The findings extend a 2006 study by 
Sacktor and colleagues that showed that 
blocking PKMC in the hippocampus of rats 
reverses long-term potentiation, a change 
in neural signaling thought to under 
learning and memory, and causes the ani- 
mals to forget their fear of a place wher 
they U previously received a shock (Scienc 


‘Memory molecule. PKMC sustains long-term memory 
inthe cerebral cortex of rats. 


25 August 2006, p. 1141). The new work 
suggests a broader role for PME as a key 
component of different types of long-term 
memories stored in different parts of the 
brain, Sacktor says. 

Going forward, it will be important to 
figure out how specific ZIP's memory- 
erasing effects are, says Lynn Nadel, a neu- 
roscientist at the University of Arizona in 
Tucson. “It’s possible that ZIP erases all 
learning, no matter how old” Nadel says. 
But if the drug works more selectively. it 
could one day have clinical applications. he 
says. For example, researchers and clini- 
cians have been looking for compounds 
capable of eliminating the painful memo- 
Fies of trauma survivors (Science, 2 April 
2004, p. 34). The flip side is cognitive 
enhancement, adds Richard Morris, a neu- 
roscientist at the University of Edinburgh 
UK. “The next step might be to find out 
Whether augmenting the action of PKMC 
can help sustain memories for longer than 
‘occurs normally.” ~GREG MILLER 
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Germany Plans New GM Rules 


BERLIN—Proposed new rules governing 
‘genetically modified (GM) crops in Germany 
have disappointed many researchers and 
farmers. Germany already has one of Europe's 
strictest laws, and the center-right agriculture 
minister had raised hopes last year for a 
reprieve (Science, 1 December 2006, p. 1369). 
But the new proposal, issued last Week, has 
managed to disappoint both supporters and 
‘opponents. GM advocates complain that a new 
150-meter buffer zone between GM and con: 
‘ventional crops (300 meters for organic crops) 
fhas no scientific basis and will make it impos 
sible to plant GM crops in western Germany's 
small, patchwork fields. And as before, farmers 
and researchers would have to pay damages if 
a neighbor finds stray genes at harvest time. 
The law also retains the public database ofall 
‘GM plantings, providing sometimes destruc 
tive protesters with a road map. Plant genet 
cist Frank Ludewig of the University of 
Cologne, who spent more than a year fling 
paperwork fora field trial of GM potatoes, says 
hhe had expected biotech friendly changes. 
“My frst thought was, ‘No, this can’t be true,” 
“ he says. Opponents say they want the buffer 
zones to be at least 800 meters with no 
‘exceptions. A parliamentary vote is expected 
in September. ~GRETCHEN VOGEL 


Paulson: Edit Out Credit 


Before signing a research and science education 
bill last week (Science, 10 August, p. 736), 
President George W. Bush said he would con 
tinue to push fora priority that’s not in it: mak 
ing the corporate “research and development 
tax credit a permanent part ofthe tax code.” 
But next door, Treasury Secretary Henry Paulson 
appears to be less supportive of the idea Last 
month, ina white paper, Paulson said that lower 
corporate taxes and a simpler system could 
‘obviate the need for the research credit. The 
current credit, he said, “creates complexity”: 
time-consuming paperwork and exhaustive 
audits. “The administrative difficulties erode 
the postive incentives {for research] the provi 
sion provides,” the paper sad. 

Has Paulson jumped ship? No, says IBM lob: 
byist Linda Evans. “The treasury secretary is 
Looking long term,” she says, whereas the White 
House has more near-term thinking. (A treasury 
spokesperson did not return calls.) Paulson's 
ideas are unlikely to get much tration in the 
Democratic Congress, where a focus ison mak 
ing the credits permanent; bills that would do 
that have more than 100 cosponsors between. 
the Senate and House vetsions, but they've 
gotten no hearings. EL KINTISCH 
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ENDOCRINE DISRUPTERS 


Controversy Continues After Panel Rules on Bisphenol A 


A federal advisory panel has poured itself the 
proverbial half-glass of water after digesting 
the lata studies on te oman hea ks of 
an estrogenlike chemical used to make plastics. 
The chemical industry has proclaimed that the 
panel's verdict last week confirms its con- 
tention that bisphenol A is safe. But environ- 
mental the report has been 
inted by industry and downplays 
ye risks. Away from the fray, some 
scientists say the panel’ comments 
bout the chemieal’s effects on the 
developing brain represent beight- 
ened concem compared with previ- 
‘ous formal reviews. 

Bisphenol A is found in 
everything from some beverage 
and baby bottles to the linings of 
food cans, Small amounts ean 
leach out into food, and most 
people likely have detectable lev- 
els in their blood. These parts- 
per-billion levels are well below 


the safe dose set by the Environmental Pro- 
tection Agency (EPA). In 1997, however, 
reproductive biologist Frederick vom Saal 
and others at the University of Missouri, 
‘Columbia, found that very low levels fed to 


pregnant mice could enlarge the prostates of 
their male offspring. Industry studies couldn't 


How safe? Polycarbonate baby bottles are one source of the 
controversial chemical bisphenol A. 


replicate the results, but a review concluded 
that the results were valid (Science, 27 Oct- 
er 2000, p. 695), 
Since then, other scientists have reported 
low-dose effects in rodents. Some findings 
have raised alarms, such as an inerease in 


chromosomal abnormalities in the eggs of 


mice, discovered after bisphenol A leached 
from plastic mouse cages (Seience, 4 April 
2003, p. 31). Epidemiology studies have 
linked bisphenol A and human health 
problems, such as breast cancer and early 
puberty, In the first formal U.S. review of 
bisphenol A, the National Toxicology Pro- 
gram’s (NTPS) Center for the Evaluation 
of Risks to Human Reproduction formed a 
12-member expert panel to review more 
than $00 studies. 

Controversy accompanied the first 
meeting of academic, federal, and industry 
scientists in March: An environmental 
group pointed out that the contractor 
preparing a draft report had done work > 


MOLECULAR EVOLUTION 


Resurrected Proteins Reveal Their Surprising History 


Is easy to see evolution’s handiwork writ 
large—just compare a marigold and a musk 
(ox. With a litte work, scientists ean also pick 
‘out subtle differences in the proteins of related 
organisms, Now researchers in Oregon and 
North Carolina have gone astep further: retrac- 
ing the steps by which two proteins diverged 
from their ancient common ancestor. 

Ina paper published online in Science this 
week (www.sciencemag.org/eui/content 
abstract/1 142819), the researchers report 
that they resurrected a protein from ancient 
fish that swam the oceans some 450 million 
‘years ago and then worked out the protein's 
atomic structure. By comparing the protein 
to more modern versions and doing some 
deft detective work, they crafted something 
like amovie of the sequence of key mutations 


that enabled the ancestral protein to take on 
new modem functions, 
“Irs. a beautifil piece of work.” says David 


Haussler, a molecular evolution expert at the 
University of California, Santa Cruz. Haussler 
sstys the work underscores how chance muta- 
tions that seemingly add litte value initially 
ccan help set the stage for major evolutionary 
leaps. “For me, what isso exciting is seeing the 
dynamics of evolution play out on the molecu- 
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larlevel;” Haussler says. 

The study was led by Joseph Thornton, an 
«evolutionary biologist at the University of Ore- 
ton, Eugene. Thomton and his postdoctoral 
assistant Jamie Bridgham turned to a pair of 
closely related protein receptors for two 
steroids, hormones that govem a wide range of 
‘metabolic functions in humans and other verte- 
brates. The First receptor. known as the gluco- 
ccorticoid receptor (GR), binds to the hormone 
cortisol, which helps regulate the body’s 
response to stress. The second called miner 
alocorticoid (MR), binds to deoxycorticos- 
terone (DOC) in fish and to aldosterone in 
humans and other tetrapods. The two receptors 
derived from a common ancestral protein, 
known as the ancestral corticoid receptor 
(AneCR), some 450 million years azo. 

Last year. Thornton's group reported they 
had restirected that ancient protein by com- 
paring the zene sequences of 60 steroid recep- 
tors from present-day organisms (Science, 
7 April 2006, p. 97) and using evolutionary 
relationships to compute the most likely 
sequence ofthe ancestral protein. The team then 
synthesized gene forthat protein, clonedit into 
‘mammalian ces in culture. and regenerate it 

Biochemical tests showed that, like the 


modern MR protein, it readily bound aldos- 
terone and DOC, and it had a more modest sen- 
sitivity to cortisol, “So its the GR’ function 
that emenged with evolution,” Thornton says, 
That suggested that the gene for the an 
MR protein as duplicated in the a 
organism 


and evolved to become GR, Thornton says 

For its current study, the group set out to 
unravel those evolutionary steps. They started 
by teaming up with structural biologist 
Matthew Redinbo of the University of North 
Carolina, Chapel Hill, and his postdoctoral 
assistant Erie Ortlund, who erystallized the 
AneCR protein and used a powerful x-ray syn 

three-dimensional 
of an ancient protein, They 
then studied precisely how the structure dif- 
fered from structures of MR and GR. 

The researchers worked their way back up 
the tree of life from AncCR, reconstructing 
other ancient proteins from ancestral org: 
isms that likely lived around 440 million and 


structure, the fi 


410 million years ago, Whereas the older of © 


these retained the MR-like behavior of 
AncCR, the more recent protein was found to 


have a more GR-like function. Comparing 8 
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NTP fired 


for chemical companies 
the contractor. 

Amid the scrutiny, the panelists last 
week stuck with a previous decision to set 
aside many academic low-dose animal stud- 
ies that had injected the chemical, because 
the results failed to account for the detoxi- 
fying effects of ingesting bisphenol A. The 
panel also questioned the relevance of an 
enlarged prostate because it wasn’t shown 
to be a precursor of cancer, NTP staffers 
say. The bottom line: On a five-point scale 
rn ranging from “neg! 
‘serious,” the panel had “minimal concern” 
for potential effects on the prostate during 
development or accelerated puberty and 
“negligible concern” that bisphenol A is 
harming adults 

At the same time, the panel had “some 
concern” about risks to fetuses and children 
because of about a half-dozen reports of 
subtle neurological effects in rodents from 
minute doses of bisphenol A, including 
changes in brain structure and a reduced 
interest among males in exploring their 
environment. “They're very scattered. No 
single study has been replicated,” but “it 


raises some flags.” says panelist Jane 
Adams, a neurotoxicologist at the Univer- 
sity of Massachusetts, Boston. This area 
topped a list of research needs from the 
el. Some answers could come from the 
National Children’s Study, said 

ir Robert Chapin of Pfizer. 
‘Vom Saal and others are upset that the 
panel's conclusions differ from statement a 
week earlier by 38 scientists in the online 
Reproductive Toxicology expressing “great 
«cause for concern” about its potential human 
health risks. In contrast, a European risk 
assessment in January found no risk to 

human health at current exposure levels. 

Reproductive biologist John Vandenbergh 
of North Carolina State University in 
Raleigh, a co-signer of the Reproductive 
axicology statement as well asa member of 
the NTP panel, believes thatthe latter’ lower 
concern reflects added expertise in epidemi- 
ology and human health. “I think there is a 
human risk. What we're trying to do here is 
define what the risk is,” he says. After receiv- 
ing public comment, the NTP itself will 

weigh in on the risks of bisphenol A. 
~JOCELYN KAISER 


computer models of the likely structures of 


these two proteins, Thornton's team found 
37 amino acid changes, Inall moxlem GRs, the 
amino acidsat five of those sitesare always the 
same—a clue that those mutations are vital to 
the ancient protein's GR-like function. When 
the researchers inserted the mutations into 
AncCR. no single one of them transformed it 
into a GR-like receptor. But one pair of muta- 
tions did turn the ancestral recep 
{or into one that prefers cortisol 
to aldosterone and DOC. “It 
didn’t get us all of the way 
there, but it was a huge 
shift.” Thornton says. 
Thornton's team sus- 
pected that adding the 
other three conserved muta~ 
tions into the protein 
would create a more 
modern . Burt it 
didn’t happen. Instead, 
the mutations completely killed 
the receptor. Reviewing the 
atomic structures of the ancient 
and modern proteins, the 
researchers found another pair 
of mutations that likely helped 
reinforce the portions of the 
protein destabilized by the trio 
of “killer” mutations. When 
they added these mutations 
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before the other three highly conserved mut 
tions, they got a protein that works like a 
modern GR. “That really blew our minds, 
that we were able to predict the functional 
effect of these mutations that occurred over 
400 million years ago.” Thornton 
The re-creation sheds light on exactly 
how evolution works at the molecular lev 
Haussler says. For example, it 

shows that evolution 
inst made big leaps 

in changing the 
AncCR receptor to its 
GR-like state and then 
made smaller tweaks 
in refining its bind- 
ing abilities. It also 
shows that mutations 
having no effect on a 
protein's function 
can set the stage for 
key mutations. If 
the history of life could 
be replayed like a movie, 
Haussler says, such 
stage-setting mutations 
probably wouldn't always 
occur when needed. And that 
means the movie 


New tricks. Blue spheres mark key WOuld likely have a 
mutations that changed an ancient 
protein's function. 


different ending. 
ROBERT F. SERVICE 
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Bank Ont 


Supporters of biomedical research have 
hhatched a new scheme to boost the flat 
budget of the National Institutes of Health 
(NIH): savings bonds. A bill introduced in the 
House last week by Representative Steve 
Pearce (R-NM) and two colleagues would cre- 
ate special Treasury “health research” bonds. 
When the bond is cashed in, the buyer would 
forfeit 10% of the interest, which would go to 
the NIH institute of his or her choice. If off 
cials managed to persuade a fifth of U.S. 
bond buyers to purchase the special securi 
ties, NIH would get $158 million a year—a 
0.5% drop in the bucket for the $29 billion 
NIH but far more than the $7 milion a year 
currently raised by a special breast cancer 
research stamp. The Association of American 
‘Medical Colleges has endorsed the bill, which 
is now in the Ways and Means Committee 
“JOCELYN KAISER 


Penny-Pinching at NASA 
NASA science chief S. Alan Stern is looking to 
squeeze more data out of his budget for mis 
sions, which i likely to be fat fora while, 
Before, the Stratospheric Observatory for 
Infrared Astronomy (SOFIA), for example, was 
slated for 6 years of extensive tess ater it 
begins flying on a Boeing 747. Now Stern 
wants SOFIA, which made its first test flight in 
April, to begin sending back data almost 
immediately by staggering those tess. 
'NASAalso intends to shorten the Kepler 
‘Mission to detect extrasolar planets, with an 
‘optional extension. Stern said in a press confer 
ence last week that he’s considering using extra 
room on board scheduled missions—a cheaper 
alternative than building large spacecraft. 
ANDREW LAWLER 


Help Wanted 


Running California's $3 billion stem cell pro 
‘gram should be a plum job, but it's proving 
tough to fill. Some of the reasons are tough 
conflict-of-interest requirements and a history 
‘of administrative strife. Board chair Robert 
Klein says there are also "some incredible 
individuals who were not prepared to give up 
their laboratories.” So to fill the gap left by 
Zach Hall, the California Institute for Regener 
ative Medicine (CIRM) has named neuroscien- 
tist Richard Murphy, until recently head of the 
Salk Institute in San Diego and a former 
‘member of the CIRM board, as interim presi- 
dent. Murphy says he plans to launch a pro 
‘gram for disease-oriented research grants, 
“CONSTANCE HOLDEN 
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Support Is Drying Up for Noah’s Flood Filling the Black Sea 


It was a hypothesis of biblical proportion: In 
1997, two marine geologists proposed that a 
Fact with the power of 200 Niagaras 
filled the Black Sea 8400 years ago, driving 
Neolithic farmers into Western Europe 
and inspiring the story of Noah's flood 
(Science, 20 February 1998, p. 1132). Now, 
10 years later, a torrent of research is still 
arriving, and almost all of it comes down 
hard on any Black Sea flood, 

The proffered geologic evidence fora cats- 
strophie event was misinterpreted, researchers 
write in more than 1000 pages of papers, and 
the raft of data collected around the Black Sea 
the past $0 years all points to a gradual 
filling starting thousands of years ear- 
lier, Putting it mildly, “the majority 
wisdom would be against” a flood, 
geologist Norm R. Catto of the 
Memorial University of Newfound 
land in St, John’s, He is editor-in-chief 
of Quaternary International, where 
new collection of papersappears. But 
a small cadre of researchers main- 
tains that the flood hypothesis is 
il hints that definitive evi- 
inthe offing 

The latest sur 
of research comes in 
15 papers in the June 
issue of Quaternary 
International and 
35 papers in a 971- 
page book. The Black 
Sea Flood Question, 
published earlier this 
year by Springer. The 
new papers agree that 
the archaeological 
recon shows no sign that people living around 
the Blick Sea $400 years ago fled from a rap- 
idly advancing sea. “At this point, there just 
isn't any evidence for something big and cata 
strophie” in the archaeological record, says 
archaeologist Allan Gilbert of Fordham Uni- 
versity in New York City. an editor of the new 
book. One apparent piece of supporting evi- 
dence—the discovery of the remains of a 
Wood-and-mud house littered about with 
stone tools 91 meters beneath the Black Sea 
(Science, 22 September 2000, p. 2021)—has 
not panned out. “It looks peculiar.” says 
Gilbert, but there's no sign i's anyth 
than a random bunch of rocksand sti 


cata 


gauge the depth and salinity of the Black Sea 
over the past 15,000 years. The tools include 
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drowned beach dunes, seismic probing of bot- 
tom muds. oxygen isotopes, microscopic fos- 
sils. and pollen. Citing such data, the origina- 
torsof the flood hypothesis longtime marine 
geologists William Ryan and Waher Pitman of 
Lamont-Doherty Earth Observatory in Pal- 
isades, New York—have argued that 10,000 
years ago, the Black Sea was a modest-sized 
lake lying perhaps 100 meters below its cur- 


rent level. It was cut off from the salty 
Mediterranean Sea, they say, because sea level 
\was 100 low to spill through the Bosporus. 
When melting glacial ice raised sea level, the 
Black Sea basin filled up in a geologic instant 


about $400 years ago, 
But most of the 
sider that scenario “a myth,” 


uithors of the book con- 
e-mails 
another editor of the book. Valentina 
‘Yanko-Hombach of the Avalon Institute of 
Applied Science in Winnipeg, Canada. The 
Black Sea, she says, was never that low, and 
it rose gradually over millennia. 

Not so fast, says coastal geologist Liviu 
Giosan of Woods Hole Oceanographic Institu- 
tion in Massachusetts. Giosan, a native 
Romanian who studied oceanography in that 
Black Sea coastal country, has reviewed the 
new book for Quaternary Science Reviews 
‘and found it wanting. In particular. he says, the 
“vast amounts of data” collected around the 
Black Sea by Soviet scientists and researc 
from former communist countries around the 


Wo flood? Opinion is running against a catastrophic 
flood through the Bosporus (above and inset) 


Black Sea are suspect. He distrusts much of 
the carbon-14 dating of lake levels and is frus- 
trated by the traditional lack of access to pri- 
mary data, As a result, he writes, “many con- 
clusions of studies presented in the book 
should be considered witha grain of salt” until 
researchers buttress them with more-direct 
measures of lake level 

logists are in fact looking at 
evel gauges, as well as geo- 
logic indicators of past flow through the 
Bosporus. Richard Hiscott and Ali Aksu of 
Memorial University of Newfoundland and 
colleagues have reported several signs that 
the Black Sea filled slowly and 
gently, In the Quaternary Inter 
national issue, they describe a 
core from the shallow Black Sea 
shelf that contains sediment laid 
down beneath tens of meters of 
‘water when Ryan would have that 
spot high and dry. On the Black 
Sea floor just north of the 
Bosporus, they have mapped old 
beach ridges and lagoons formed 
as the lake level slowly rose, And 
south of the Bosporus, they found 
delta built by outflowing waters 
10,000 years ago, when Ryan's 
scenario would have the Black 
a totally cut off 
Ryan and a half-dozen col- 
leagues disagree. “I've found 
myself following those who criti- 
cize the flood.” says Ryan, “getting 
my own data from their sites, and 


inevery case findinga very dilfer- 


Sea outflow, Ryan and colleagues finda delta 
formed by a nearby river, as they will soon 
report in Marine Geology. As for the putative 
beach ridges, Ryan says unpublished coring 
results show they are actually mud brought in 
by bottom waters still flowing through the 
Bosporus today. He also speaks of an as-yet- 
‘unpublished description of “an extraordinary 
debris fan” right where the flood would have 
dumped its gougings, Erosional features there 
bear a striking resemblance, he says, to those 
created by catastrophic outbursts from glacial 
lakes (Science, 20 July p. 307). 

Despite the continuing debate, Giosan, 
‘who has worked with Ryan, is guardeadly opti- 
‘There is momentum toward solvin; 
he says. “Maybe we'll solve it someds 


“RICHARD A. KERR. 


{CRED TOPTO BOTTOM JAKE RAIS: MASA. 
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ALAN KRENSKY INTERVIEW 


Drawing a Map for the Twenty-Seven 
Divisions in NIH’s Army 


BETHESDA, MARYLAND—Alan Krensky 
should have packed a flak jacket when he 
moved here. The director of the National 
Institutes of Health's (NIH'S) new planning 
office says he's already been battered with 
ettles into his job, which is, 


criticism as he 


to bring more order to the sprawling 
Ss. 


29 billion biomedical research agency 
‘One thing I've le: ) ou 
raise, someone will attack it from one side 
or the other, and sometimes both sides at 
ss Krensky, who came to 
NIH from Stanford University School of 
Medicine last January 

Yet Krensky seems undaunted, As the 


sis and Strategic Initiatives 
8 July, he faces two main 
responsibilities. The first is to oversee 
implementation of the Roadmap. the 
$483 million set of crosscutting initiatives 
started 4 years ago by NIH Director Elias 
Zethouni that has been criticized as taking 
money from investigator-initiated grants 
Second, OPAST will look across NIH’ 
research portfolio and find better ways to 
manage it while respecting the turf of its 
27 institutes and centers. 

$ Observers say those are formidable 
& challenges. “A lot of this is going to boil 
down to how well he gets along with insti- 
: 


tute directors.” says former NIH director 
Harold Varmus, now president of Memorial 
Sloan-Kettering Cancer Center in New 
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York City, who first called for more central 
planning at NIH 6 years ago in Science. 

In an interview, the 55-year-old immu- 
nologist talked about his experiences at 
Stanford, where he headed a $500 million 
children’s health initiative. He also outlined 
some ideas for OPASI, which will soon 
become part of a division under Krensky’s 
direction that Congress created to encom- 
pass NIH offices such as those on women’s 
health and AIDS. 

Krensky is now overseeing midcourse 
reviews of the Roadmap projects and 
crafting more rigorous policies, such as 
time limits, for the next round. which will 
launch this fall with projects in epigene' 
ies and the microbiome. His edited 
remarks follow: 


~JOCELYN KAISER 


Q: What is your response to the claim that 
the Roadmap takes funding away from 
investigator-initiated RO1s? 

I think when people attack it or have con- 
cers, they really misunderstand what it’s all 
about. I don’t view the Roadmap as mono- 
lithic at all. What attracted me is that it was 
anew way of looking at things. One term 
that Elias [Zerhouni] used is a learning lab- 
oratory. I'S a place to ask questions, a place 


todo things outside the box. 


These are 5-year programs, potentially 
renewable for 10. And that's what I like. If 
people don’t use it or don’t like it, it should 
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disappear. And the idea that it sundowns 
makes it different from anything else here. 

The scale of many of the early projects 
T'm not against big projects, 
If peop This has been terrific for my 
research.” it's success, That being said, I'm 
very interested in other areas that the 
Roadmap can do and test, I believe we want 
more pilots, I believe in small things. 


was very larg 


Q: Is OPASI, with its $483 million research 
fund, essentially a 28th NIH institute? 

That is a real problem. Originally, the com- 
‘mon fund was a tap from all the institutes 
and centers, So it was a co-ownership, a 
co-op essentially. Last year and this year, 
Congress made ita line item so it now hasan 
me stream like any other [institute] 
And so what's central to this is, We're not 
aan institute}, i'sabout working together, This 
goes back to what I call cajoling, but we are 
really working with the entire community 
aand that’s both internally and externally —to 
develop these programs, and we're much 
more like the concierge than the bosses, 


Q: What is the “fingerprinting” [of individ- 
ual grants by disease topic] about? 

[NIH is] basically building a system that 
will scan the grants and determine the port- 
folio [for a particular disease]. Now there 
are all kinds of ramifications of that, Any 
‘number in any [disease] area will be differ- 
ent because it was obtained in a different 
ay. I'm expecting the ity and 
‘Congress to respond to the numbers, and the 
communications are going to be very 
important, The most important part is, if 
someone else came and ran the same thing, 
they'd get the number. 


Q: Doesn't Congress want NIH to address 
redundancies? 

In my time here, of all the words that give 
ime the greatest fear, the word “redundancy” 
comes to the top of the list. The first point 
made to me is that redundancy is important 
in science. If you doan experiment once and 
no one proves that it’s correct, it’s sort of 
worthless. So we have to have a certain 


amount of repetition 
I think redundancy is in the eye of the 
beholder. For some people it resonates 
tremendously. for others it is a very worri- 
some topic. One investigator said to me. 
“Am I the redundant one?” So in our ROL 
community, people worry about that, 


that or what they do, but its of interest 
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Gambling on a Ghost Bird 


Top-notch ornithologists Wagered their reputations by declaring that the ivory-billed 
woodpecker still exists. Two years later, the odds of its survival appear long 


ON 28 APRIL 2005, JOHN FITZPATRICK 


told the world what he 


seeret for more than a year. At the head- 
quarters of the Department of Interior in 
Washington, D.C iked by two Cabinet 
es, Fitzpatrick at 
acle, The majestic ivory-billed 
an emblem of southern old- 


uunced a conser- 


vation 
woodpecker 


growth forests that was last seen duri 
World War Il —still persisted in the B 
Woods of Arkansas, “In the world of bird- 
ing.” he said, “nothing could have 
more hoped-for than this Holy Grail, 
It was an extraordinary claim and a rare 


been 


piece of good news in conservation. It was 
also a crowning achievement for Fitzpatrick, 
director of Cornell University’s prestigious 
Lab of Ornithology. who had fielded proba- 
bly the most intense search for a bird ever. 
‘The L4-month stealth mission yielded sev- 


| eyewitness s, sound recordin; 


and a video, published online in Sefence that 
day. “We have conclusive proof that the 
ivory-billed woodpecker has survived into 
"Fitzpatrick declared in a 
video released by Cornell, Private donors and 
federal agencies opened their wallets. The 
-ond chance to save the 


the 21st centu 


inspiring bird, 

And yet after more than 2 years of her- 
culean efforts and sometimes vituperative 
debate, indisputable evidence of the bird's 
exist -d. Fitzpatrick still 
believes his team saw an ivorybill, althou 
he never did himself, in the Big Woods in 


ice has not emet 
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both 2004 
that it has either flown elsewhere or died, 
Skeptics think the mesmerizing ivorybill 
n with and that the 


nd early 2005, and he speculates 


was never there to b 
Cornell te 
and overinterpreted a blurry video. * 


m mistook other woodpeckers 
Why 


gest 


would you announce ... one of the bi 
thin; North American ornithology 
and not have concrete, irrefutable ev 
asks Mark Robbins of the U 
as in Lawrence. 

y critics, this is a story of good 


dence’ 


amplified by secrecy. A top 
cetists was misled by hope, it seems to them, 
and buoyed by confidence that more searching 
would bring the definitive photo, Fitzpatrick 

les reject those explanations, 
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defend their objectivity. and say they have no 
doubts or regrets. Now, as the U.S, Fish and 
Wildlife Service (FWS) begins to assess the 
efficacy of the searches it funds, most birders 


ygned that even if 
104, the 
chance to save the species is past. “I want to 
hope against all odds,” says James Bednarz, 
of Arkansas State University in Jonesboro, 
“But my scientific log 


and omithologists seem re: 
an ivorybill was in Arkansas 


vortex of extinction.” 


Fleeting glimpses 
The largest woodpecker in the United States, 
the ivorybill (Campephilus principalis) lost 
practically all its old-growth habitat when 
loggers cut down the bottomland forests of 
the southeastern United States. As the birds 
became scarce in the 1880s, ornithologists and 
birders raced to shoot the survivors for their 


collections, By the 1960s, most ornithologists 
were convinced the ivory-billed woodpecker 


was extinct. Yet every few years, a hunter or 
birder would announce a sighting, Experts 
assumed that they were misidentifying a 
ied woodpecker (Drvocopus pileatus). a 
species still abundant in the bottomland 
forests. In 1966, bird author John Dennis 
reported seeing an ivorybill in a swamp in 
east Texas. He swam naked through the 
water and managed to g 
no one believed him, 
Evena respected scientist caught the fever. 
George Lowery Jr. of Louisiana State Univer- 
sity (LSU) in Baton Rouge, past president of 


ta close look, yet 
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the American Ornithologists’ Union, brought 
‘wo photographs of ivory-billed woodpeckers 
to AOU’s annual meeting in 1971, Lowery 
the photos, taken by an 


believed t quai 
tance, were real, but other ornithologists 
thought the birds looked like posed speci- 


‘mens, His reputation was tarnished. “I wish 
‘now that I had said nothin 
he later wrote, 


Jone of this boded well for David Kulivan, 


about these birds, 


a forestry student at LSU, He spotted what he 
thought were two ivory-billed woodpeckers 
while turkey hunting near the Pearl River on. 
| April 1999 (not an auspicious day of 
the year to report seeing ivorybills). He 


recounted the sightings to ornithologist 
James Van Remsen, curator of birds at LSU's 
Muscum of Natural Science, who was per- 


suaded enough by Kulivan’s account to 
nize a search. Zeiss Sport Optics funded 


a well-publicized effort in 2002. 
Cornell also mounted a small expedition, 


led by Fitzpatrick. There may have been no 


one better placed to save the ivory-billed 
woodpecker than Fitzpatrick, who is shrewd 
ambitious, and decisive. “Fitz never 
halfway on anything.” says Frank Gill, who 


retired as chief scientist of the National 
Audubon Society in New York City. “He can 
move mountains in a way that no other 
ornithologist can do.” A Harvard graduate who 
‘went on to a Ph.D. at Princeton, Fitzpatrick 
bushwhacked through the Amazon in the 
1970s and "80s, discovering seven new 
species of birds, He made an even bi 


mark studying endangered Florida scrub jays 
a national wildlife 
habitat. In 
urstor of birds at the Field Museum 
», Illinois, he was awarded AOU'S 


in Chica: 
hig 


yest prize for research, 

After a month in the Pearl River, neither 
group had found anything, Late-night TV 
comedian Jay Leno mocked the search by 
reading a newspaper headline: “Researchers, 
fail to find extinct bird.” Eventually, the 


Louisiana Ornithological Society dismissed 
the Kulivan sighting, Still m 
won kudos from other researchers for its cau- 


1¢ Cornell 


tious analysis of their sound recordings, which 
ptured gunshots, not the 


turned out to have ¢ 


distinctive double-knocks made by ivorybills, 


Despite by 
experience fired up Fitzpa The chance 
to be there was a dream come true,” he says. 
Secret mission 

Another opportunity arose just 2 years later. 
Fitzpatrick was in his office at 8:30 a.m. on 
I March 2004 when Tim Gallagher came in, 
wild-eyed, Gallagher, an avid birder who 
edits Cornell's Living Bird n 
just returned from the Cache River National 
Wildlife Refuge in Arkansas, where he and a 
friend had seen an ivorybill. Fitzpatrick 
illed him for details and finally asked: 
“Wh 
Was not an ivory 


azine, had 


re the chances that the bird you saw 


billed woodpecker? 
Gallagt 
“Im 
itive that this bird 


replied, 


absolutely pos- 


was an ivory-billed 
woodpecker 


back to the swamp 
with a top graduate 
student. Then in mid- 
March, he convened 


a meeting of the Sap- 


suckers, a crack team 
of birders from Cor- 
nell 
the World Series of 
Birding. Several days 


at competes in 


later, they were tromping and paddli 
through the Arkansas swamp. But durin 
. the only woodpeckers they saw 
ateds. The team was frustrated, 


that wee 


were pil 
and most of them had to return to their day 
jobs at the lab. 

But Fitzpatrick decided to press ahead, 
having great confidence in Gallagher's sight- 


ing. “I have to put my faith in those people 


able to separate fact from fiction.” he says. He 
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was also convinced that if he didn’t act, the 
bird would truly go estinet. There had been no 
previous exhaustive searches, he points out 
Cornell had the tip, the resources, and the 
mption, “Nobody else had the balls to do 
it” Fitzpatrick says. 
He insisted on sec 


would later brin; 
insular and insufficiently skeptical, Fitz- 
patrick feared that if word of the search 
out, “the place would become Coney Island 
\with birders piling in all over the place.” Uhi- 
mately, some two dozen police officers were 
ready toprotect the habitat after th 


‘ment, but there was no onslaught, The Nature 
Conservancy, which was involved in the 
search, had its own concerns, It had been buy- 
and hardwood 


ing land to conserve bottom 


forest and feared that news of the search 
would drive up prices. 

More volunteers arrived, all signing legal 
confident 


ity documents. The cover story 
for curious locals was that they were doing a 
biological inventory for The Nature Conser- 
vaney. The bird was code-named Elvis. 
Between 5 and 11 April, there was a flurry of 
sightings, all by lone, amateur observers. Con- 
cemed about the lack of corroboration, Jeffrey 
Wells of Cornell, the | 
decided to double up the obser 


sistical manager 
After that, 
there was just one more sighting. On 25 April 
David Luneau 


aan electrical engineer at the 


Ainid accUsations 
f selfede ception, John 
patrick stands by his 

team’s conclusion that they 

found at leastone 
Worybill in Arkansas, 


University of Arkansas, Little Rock, who par= 
ticipated in the Pearl River search—and his 


brother-in-law filmed a 4-second 
bird fleeing 
doubt the most analyzed bind video in history 


impse of a 
a tree. It has become without 


Like the others, Fitzpatrick was initially 
disappointed by the video's quallity. Although, 


7 AUGUST 2007 889 


‘| NEWSFOCUS 


calls, they wanted solid evidence—clear 
photos or video ora nest hole that would con- 
vince skeptics. As Luneau has said, 
have something like a picture or video or 
sound record then others are able to 
make up their minds based on science rather 
than on their feelings on how much they 
believe somebody 

With time running out on the 2004-2005, 
season—the leaves would soon be emerging 
on the trees and it would be impossible to see 
anything —Fitgpatrick and the others began 
planning for the next field season. Fitzpatrick 
raised about $4 million in cash and pledges for 
‘what would become the largest ornithological 


if you 


search in modern times, coupled with a con- 
certed effort to conserve the ivorybill’s habi- 
tat. Asa board member of The Nature Conser- 
vaney, Fitzpatrick had rubbed elbows with the 
likes of Henry Paulson, the former CEO of 
Goldman Sachs and now US. Treasury Seere- 
tary, Paulson is an avid birder and, with his 
wife, donated money to support the search. 

At the same time, Fitzpatrick was commu- 
nicating with the Department of the Interior, 
where he also hud conne 
ence adviser to Secretary Gale Norton, was a 


ons, James Tate, sci 


former assistant director ofthe Lab of Omitho- 
ogy. "We wanted to get as much buy-in from 
the government to put money into the conser- 
vation of this area as we could,” Fitzpatrick 
says, He also decided they would not announce 
the finding until they had tangible evidence and 
4 paper accepted for publication, 
probably at the end of the 2008 
field season, 

To the team’s disappoint- 
ment, nothing better than the 
video turned up—despite 
efforts including hoisting 


Field marks. Wvorybills (right) 
superticially resemble pileated 
woodpeckers (eft) but ae larger 
and have distinct plumage. 


White traiting 
edge of wing 
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‘observers 25 meters above in a cherry picker. 
“Itbecame clear that, in all probability, we were 
not going to obtain any more video evidence 


anytime soon,” says Martjan Lammertink. a 
woodpecker expert who joined the team that 
on. By February 2005, Fitzpatrick recalls, 


woodpecker, The win 
edge. The wing beats seemed very fast. And 
the size of the bird, measured as it perched on 
the tree, was much too big. To bolster their 


ys had a white 0 


‘argument, the group took crude models and 
reenacted the escape fight of the bird, albeit 
ping wings. They filmed at the 
ui had taken the video, using 


the same camera. “The most parsimonious 
and logical conclusion is that itis probably an 
inory-billed woodpecker.” Lammertink says 
Fitzpatrick e-mailed Don Kennedy. editor 
in-chief of Science, about submitting 
paper. In an editorial published with the 
paper, Kennedy recalls that he “responded, 
ina New York second! 
‘The manuscript went out for reviews 
in early April and was scheduled to be 
published in mid-May 
But on Monday, 25 
April. the 
leaked. In preparation 
for an announcement by the 
Department of the Interior, Tate 
quickly flew to Florida and drove 
ina raging rainstorm to meet 
Fitzpatrick at the Archbold Bio- 
ical Station to evaluate the evi- 
Lowery and 
John Dennis have their reputations 
ruined by naysayers,” Tate says. “I did not 
\want that to happen tothe secretary, orto me.” 
Tate, who had studied a kind of woodpecker 
called the yellow-bellied sapsucker, came 
away convinced, 
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Editors at Science rushed the final produc= 
tion of the paper so that it could be published 
online, along with the video and the record- 
before th 
“Science wanted to do this with an embargo 
and make a splash,” Fitzpatrick says. It 
worked: Stories ran in 459 U.S, newspapers, 
174 televisi 
At the press conference, Interior and the 
USS. Department of Agriculture an 
joint funding of $10.2 million for the conser- 
vation of the ivory-billed woodpecker and its 
habitat. Fitzpatrick and a few others were 
whisked back to Cornell on a private jt. 


ws broke in the media, 


n shows, and 43 radio shows. 


jounced 


The powder keg explodes 
The announcement, Gill recalls, provided a 
spark that “hit the powder keg of hope and 
expectations in a way that Was just unprece~ 
dented, Once it got started, it really yot out of 
control.” The town of Brinkley, Arkansas, 
nearest to the sightings, went wild with pro: 
motion. Some 70 experts and officials, includ- 
ing a brigadier general, joined the federal 
recovery team—a record number. Many sei- 
entists were also sw 


pletely accepting, y 
Auburn University in Alabama, who became 
more skeptical after taking a close look at the 
vid 
Omithology, and it was Fitz." 

But others say they looked at the video 
with dismay. “I was worried right from the 

.* says Noel Snyder, a retired FWS. 
\d a few others privately 
expressed concerns to Fitzpatrick about the 

zth of the evidence. But they kept 
quiet, not wanting to rain on a joyful and 
highly publicized parade. 

Jerome Jackson was among the early 
skeptics. An ornitholog 
Coast University in Fort Myers, Jackson is 
no stranger to ivorybills, having seen more 
than 300 museum specimens and written a 
detailed history called In Search of the 
Wory-Billed Woodpecker. And in 1986, 
when FWS convened a meeting to discuss 


wwwsciencemag.org, 


twas Sefence, it was the Lab of 


st at Florida Gui 


declaring the ivory-billed woodpecker 
extinet, Jackson argued against it and con- 
ducted a small search. 

Jackson and three other scientists prepared 
a paper for PLoS Biology, arguing that the 
Luneau video showed a pileated woodpecker. 
‘All we wanted to do was have everyone go, 
“Wait a minute!” before any more money got 
spent,” says co-author Robbins. “We didn’t 
\want to see precious conservation dollars 
\wasted on something that might not be there.” 

This made the Comell team and its spon- 
sors nervous, Not long after The New York 
Times reported the existence of the skeptical 
but not-yet-published paper, Jackson says, 
Tate called Jackson on a Saturday night and 
told him to “back off.” Tate denies that and 
says he just wanted to discuss Jackson's eriti- 
cisms, "My concern was that the skeptics 
would destroy our opportunity, destroy that 
second chance to get the biological informa- 
tion of what the birds needed" Tate says. 

Days before publication, and after writing 
a rebuttal, the Comell i cdto play the 
critics additional, unpublished recordings that, 
hadn't bee zed belore the submis- 
sion of the Science paper. The recordings eon- 
Vinced co-authors Richard Prum of Yale U 
versity and Robbins that at least two ivorybills 
\ere living in the Big Woods. They withdrew 
the paper on | August, saying they didn’t want 
to undermine conservation efforts (In retro~ 
spect, now that it's clear the 
solid evidence, they regret the move. 
blinked" Prum says.) 

But Jackson, who baad been out of town and 
unreachable, still thought that the doubts 
needed to be aired. In a long, invited article 
published in The Auk in January 2006, he 
accused Fitzpatriek’s team of “delving into 
ith-based’ ornithology and doing a dissery~ 
ice to science.” In a March 2006 response in 
The Auk, Fitepatrick’s group charged that the 
Jackson article was “a series of factual errors 
‘and poorly substantiated opinions.” Jackson, 
they implied, was “compromising science 
with sound bites: 

After another round of rebuttals com 
menced, Fitzpatrick confronted Jackson dur- 
ingan August 2006 meeting in South Carolina 
and asked him not to publish. Jackson recalls 
Fitzpatrick heatedly telling him, “You are 
going to be independently responsible for the 
extinction of the ivory-billed woodpecker 
because you are preventing me from raising 
money for conservation.” Shortly thereafter, 
Fitzpatrick contacted Jackson again and 
red co-authorship on a future paper if 
Jackson would pull his letter. “That's not how 
operate.” Jackson told him. Fitzpatrick says 
he wanted to focus on the bird and avoid 


scorings are not 


1 


wwwsciencemag.org 


another unproductive exchange: “It was not 
my desire to prolong and underscore resent- 
ments and personal disagreements’ 

The tone was much more restrained in a 
Technical Comment and response published 
in Science on 17 March 2006 (p. 1555). Like 
the authors of the stillborn PLoS paper. 
David Sibley, who wrote and illustrated The 
Sibley Guide to Birds, thought the Luneau 
video showed a pileated woodpecker. In the 
Comment, Sibley and three co-authors 
argued that the white on the wings is the 
underside of a pileated’s wings, not the trail- 
ing edge of an ivorybill’s. Moreover, several 
frames show a black trailing edge, like a 
pileated's. The white on the back of the torso, 
which Fitzpatrick had called “clearly evi- 


NEWSFOCUS L 


shows an ivory-billed woodpecker until they 
see evidence that a pileated could look and fly 
like that. “Have we boxed ourselves in? 
Maybe so, but I don’t think it’s so unusual in 
science,” Lammertink says. 

Skeptics, onthe other hand, won'tbelieve 
in ivory-billed woodpeckers until they see 
clear proof, such as a roost tree where birds 
can be repeatedly observed, In the absence 
of more evidence, the American Birding 
Association in Colorado Springs, Colorado, 
continues to list the bird as “probably or 
actually extinct or extirpated,” The 
of birders appear to be 
poll by Birding magazine, published in 
April, 75% responded that the ivorybill 
might or might not exist 


Blurry video. Fitzpatrick’s team argues that the bid inthis frame was perched (above, right, revealing its 
large size, while Sibley contends it was already in flight (below, right). 


dent,” was actually “a vague pale blur” of just 
a few pixels. In addition, they asserted that 
the size estimate wasn’t valid. because what 
Fitzpatrick identified as a perched bird was 
instead already in flight 

The Comell team has stuck to ts guns 

Since then, other papers. one published in 
ch in BMC Biology and another in The 
n Journal of Ornithology in June, also 
found the video and acoustic evidence 


ing the Luneau video: they would rather se 
new evidence. It hasn't arrived. The second 
massive search, during the 2005-2006 season, 
also came up dry 


Stalemate 
Fitzpatrick and Lammertink say they will 
remain convinced that the Luneau video 
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‘So what made Comell so sure? Hill thinks 
it isthe weight they attached to the video. “In 
retrospect, the Luneat video may loom as one 
of the most unfortunate things to ever happen 
tothe Laboratory of Ornithology.” he writes in 
his book, /vorvbill Hunters. Without it, he 
speculates, the Comell team probably would 
have interpreted the sightings more cau- 
tiously. Instead. they threw themselves into a 
highly involved analysis of murky data. “It 
was cast as a scientific analysis of these pix 
els” says Frank Gill. “It had all this pizzazz of 
technology. That was brilliant on Fitz's part, 
but it was weird to goto this length.” 

Jefirey Walters of Virginia Polytechnic 
Institute and State University in Blacksburg, 
\who says he was one of the reviewers, says he 
entire case. includin 
- He argues that it's unlikely 
that all the observers were mistaken, But Sibley 


17 AUGUST 2007 


391 


| NEWSFOCUS 


counters that the odds are fairly high—if 
observers are hoping to see the birds. All the 
best sightings were from at least 20 meters 
away and lasted no more than 10 seconds. 
{usta perfect recipe for your brain to fil in the 
gaps, 
and an impression, 
into an ivory-billed woodpecker” 
Conducting the analysis in secret com- 
pounded the problem, Prum says. “That 
process of self-convincing took place in iso- 
lation from fresh air, from people who didn’t 
report to the boss.” says Prum. “Frankly, 1 
think it’s antithetical to good science.” One 
solution, Prum suggests, would have been to 
send the Luneau video to woodpecker 
experts and ask them to identify the bird 
Without knowing the ( 
Fitzpatrick rejects the charge of groupthink, 
insisting that the team was as objective as 
any scientists could be. Both Fitzpatrick and 
Science's Kennedy defend the decision to 


n’s conclusion. 


Dwindting diversity. in Europe, climate is 
‘expected to have the biggest impact on plant 
biodiversity in southern mountains. 


BIODIVERSITY 


publish, noting that the paper was vetted by 
Peer reviewers. “We got more than satisfac 
torily positive reviews.” says Kennedy. who 
adds that he wasn’t fazed by the lack of a 
clear video. “I thought that it was very 
important, even ifthere was some possibility 
that this might be wrong.” 

Meanwhile, the search for the bird contin- 
tues, although it has been scaled back. In the 
third field season, which concluded in April, 
Cornell conducted a smaller, mobile search. 
Rather than focus on a single area, Lammertink 
and three colleagues spent 5 months, 7 daysa 
week, searching 16 regions by foot and 
eanoe. In addition, FWS also supported 
searches by other agencies and groups in 
Texas, Tennessee, Florida, and South Car- 
conclusive turned up. 
Hill is convinced that he and his team saw 
ivorybills in 2005 and 2006 along the 
Choctawhatchee River in Florida, but he 
admits he can’t deliver enough evidence yet 


Predicting Oblivion: Are Existing 
Models Up to the Task? 


Huge numbers of species may be at risk of extinction from climate change, but coming 


up with precise estimates is proving tough 


The most authoritative guide to today’s extine- 
tion crisis is a database known as the Red List. 
Later this month, a group of scientists will 
zzather in England to consider whether the Red 
List should be opened upto species that. forthe 
moment, show no signs of trouble, Many scien- 
tists suspect thatthe next few decades of global 
\warming could push some species toward 
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oblivion. “The concern.” says the meeting 
nizer. H. Resit Akgakaya, an ecologist at 
ecological software company Applied Bi 
‘mathematics in Setauket, New York, “is that 
maybe some species that are threatened by cli- 
mate are not reflected on the Red List.” But 
Akgakaya and others caution that the meeting is 
unlikely to come up with firm predictions of 


Lammertink, too, remains optimistic. 
“There are big areas of unexplored habitat, 
Where on rational grounds you can see that 


small populations might persist.” Fitepatrick 
anticipates another year or two of searching 
at most. “I's just too expensive.” he says, 


noting that it’s become harder to raise 
money. Even if the team quits empty- 
handed, Lammertink says, it will be difficult 
to prove the bird is not there. “It ma 
remain a question mark. 

Whether that uncertainty will haunt Cor- 
nell remains to be seen, “In some people's 
minds, the failure to find better evidence in 
the last couple of years has not been good foi 
the reputation of the Lab of Ornitholog: 
says Russell Charif of Cornell, That specter 
doesn’t worry Fitzpatrick. “I move with the 
actions that ! deem appropriate for the pos 
bility that the birds are there,” he says. “And I 
don’t look back, 


always 
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how many species will become extinet, let 
alone which ones will be particularly at risk, 
The science of predicting extinetions from 
global warming is only a few years old and the 
best models are rife with uncertainties, Experts 
generally agree that the models may be useful 
for giving a wugh idea of the potential impact 
of global warming and may also offer guidance 
for planning preserves. But some scientistsare 
‘concermed that policymakers will be expecting 
them to provide more precise estimates than 
er. “It's worrying. says Miguel 
Araiijo, an ecologist at the Spanish National 


Much of the current debate over clima 
triggered extinctions focuses on what are 
known as climate-envelope models, Sci 
tists analyze all the places where species has 
been recorded and look for features of the cli- 
‘mate that those places share. The key factors 
may be rainfall, for example, or the tempera- 
ture during the winter. 

In the early 2000s, scientists b 


an to 
look at what happened to these climate 
envelopes in the scenarios climate scientists 
have projected for the coming century. “A 
number of us were noticing that these 
envelopes seemed to be winking out 
entirely.” says Lee Hannah, chief climate 
change biologist at the Center for Applied 
Biodiversity Science at Conservation Inter 
national, a nonprofit in Arlington, Virginia, 
Concerned about the prospect of mass, 
extinctions, an international team of scientists, 
including Hannah, combined their data into a 
obal analysis. They estimated the size of 
funure climate envelopes, assuming shrinking 
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climate envelopes * ‘ 
meant an increased, 
risk of extinction. 
Their sobering conclu- 
sion, published in Nature in 
2004: Based on a midrange climate-warming 
scenario for 2050, “15-37% of species in our 
‘sample of regions and taxa will be “committed 
toextinctio 

‘The paper was enormously influential and 
figures prominently in the Intergovernmental 
Panel on Climate Changes (IPCC’s) upeom- 
ing report on the impact of global warming. In 
a summary for policymakers, the PCC 
‘authors warn that “approximately 20-30% of 
plant and animal species assessed so far are 
likely to be at increased risk of extinction if 
increases in global average temperature 
exceed 15-25% 

Some experts have criticized the IPCC for 
implying that elimate-envelope models are 
more precise than they actually are, “Simply 
presenting those numbers as factual, saying 
this is how many species will go extinet, is 
misleading.” says Richard Pearson, 3 post- 
doctoral researcher at the American Museum 
‘of Natural History in New York City. 

Pearson and other researchers have been 
testing climate-envelope models fortheir accu- 
racy and consistency, and they've found some 
serious eauses for concem, Araijo and his cok 
leagues studied the ranges of 116 species of 
birds in England in the 1970s and 1990s. The 
red-backed shrike's range shrank dramatically 
to southeast England inthe 1990s, for example, 
but climate-envelope models based on the 
1970s data predicted that the bird's range 
\Would stretch all the way to the northem tip of 
Scotland, “We found that there were lots of 
uncertainties.” he says. 

Araiijo, Pearson, and other researchers 
published study last year in which they com- 
pared the projections for a group of plant 
species in South Africa from several fre- 
‘quently used envelope models. “We found a 
huge difference between the models,” says 
Pearson. Their projections ranged from a 

i 92% range reduction to a 322% expansion. 
i 


Scientists are currently debating how to 
make better predictions. Climate-envelope 
modelsare “simply mapping programs.” com 
plains Daniel Botkin, a professor emeritus at 
the University of California, Santa Barbara. 
“There's no biology in that.” 

To improve the performance of these mod- 
els, Botkin urges researchers to include bio- 
logical details about species, such as how 

quickly they disperse and how they interact 
# with other species. Pearson and other model- 
ers have already had some successat doing so, 
8 Pearson says. In a paper in press at Global 
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Range change. The 
ranges of many bird species are 
‘expected to shrink due to climate 
‘change, Walter Jetz and colleagues reported in 2007 
in PLoS Biology. This map shows predictions for the 
average loss in North and Central America (dark 
green equals 10%, brown equals 60%). 


Ecology and Biogeography, Pearson and bis 
colleagues report that they ean do a much 
better job of predicting the ranges of owls in 
Finlandit they also factor in where woodpeck- 
ers live, as owls make their nests in wood- 
pecker cavities. “In my opinion.” says Pear- 
son, the role of biological interactions “is the 
biggest question out there at the moment, but 
we're just nibbling on the edges of that.” 

Other researchers believe that a better 
strategy is to analyze ex 
envelope models more effectively. “You have 
to find automated ways to extract information 
in intelligent ways from the data you have.” 
says Araijo. Heand his colleagues have found 
that averaging the results of many climate- 
envelope models provides a more accurate 
prediction of where species can be found than 
any one model. “I think that’s a much more 
usefull way to go.” says Araijo. “This is likely 
to be a closer match to the truth than anything 
else we can produce so far.” 

One problem with these so-called ensem- 
ble forecasts, however, is that they are a huge 
undertaking. Running thousands of models of 
thousands of species across an entire continent 
is far beyond the capacity of any existing soft- 


moat 
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Scientists are debating not justhow tomake 
these models better but also the best way they 
can be used to make conservation decisions. 
Some researchers are trying to estimate the 
percentage of species that global warming will 
put at risk of extinction across entire continents 
‘or even the entire planet, Walter Jet, a biolo- 
sist atthe University of California, San 

Diego, and his colleagues recently pub- 

lisheda study ofthe combined impact of 
~ climate change and land-use change on 
birds, They found that several hundred species 
may lose over half of thei range by 2050. Land 
use will have the biggest impact on birds in the 
tropics, whereas climate change will be 
sironger at higher latitudes. 

Araijo and his colleagues havea more mod 
est goa trying to predict patiems of change in 
different regions. They've been 
ag, forecasting which parts of 

Ms Europe will be particularly 

vulnerable to losing species 
through climate change, for 
instance. They've found that 
for plants, the mountainous 
regions in southern Europe 
will be hit hardest. For amphibians, the arid 
parts of southwestern Europe are most vulnera- 
ble. Fornow, he suggests, such estimates may be 
jon than a mislead- 


more useful for conse 


Wdentifying these sensitive regions may 
reveal how existing preserves may change and 
‘offer hints about how to design new ones, As 
the temperature warms, some preserves will 
no longer havea climate suitable tothe species 
they are supposed to protect. 

‘Anumberof researchers are using elinnat 
‘envelope models to study how preserves may 
have to bealtered as species shift their ranges. 
For instance, existing preserves could be 
linked by corridors to enable animals and 
plants to disperse from one habitat to another. 

Hannah believes that scientists must 
move forward with this sort of'planning now, 
even if the models have plenty of room for 
improvement. “The scary thing for me is that 
the stuff our models is showing happening 
decades from now, we're already seeing.” he 
says. He points to the extinction of frogs in 
the Andes, where researchers suspect that a 
changing climate may have fostered the 
spread of a lethal fungus. “These models are 
the best we've got at the moment, and when 
‘we sce how the complexity of the world oper- 
ates, it seems that it may be worse than the; 
‘models are indicating” 


‘ware. “In the next2 to3 years. we won't beable CARL ZIMMER 
todo it.” says Araijo, who isnow developing a Cart Zimmer’ latest book, on E.coli and the meaning of 
program he hopes will be up to the task, lie, wil be published next May. 

SCIENCE VOL317 17 AUGUST 2007 


893 


| NEWSFOCUS 


894 


EVOLUTION 


Jumping Genes 
Hop Into the 


Evolutionary Limelight 


With genomes from an 


Call ita molecular gold rush. Researchers 
sifting through the supposed junk DNA 
between zenes—a whopping 98% of the 
human genome—have in the past few years 
hit a mother lode of functional sequence full 
of clues about how genomes operate and 
cchange through time, And, as junk DNA has 
gained respect, so have mobile bits of DNA 
led transposons that are often the source 
of this genomic clutter. 

Most researchers have taken 
dim view of transposons, consid- 
ering them molecular parasites ¢ 
that clog chromosomes with 
seemingly useless sequence, 
sometimes disrupting genes. 


with exper 
gene regulation, are showing 
that transposons can influence 
when, where, and how genes 
dare expressed. These so-called 
parasites “might be better viewed 
symbiotic,” says Eric Lander, direc 
tor of the Broad Institute of Mass- 
achusetts Institute of Technology 


and Harvard University in Cam- 
bridge, Massachusetts. David 
Haussler of the University of 
California, Santa Cruz, adds that 
“people are underestimating 
the impact of transposons” in 
‘genome evolution 
Transposons, small pack- 
ages of DNA that can splice into 
‘other sequences, seem to appear 
suddenly in a genome, copy 
ing, cutting, and pasting them- 
selves throughout its chromo- 
somes. Eventually, the genes 
for making them mobile are 
disabled by mutations, 
copied sequer 
mutate until they become 
indistinguishable from the rest 
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int fish to modern humans in hand, researchers 
are gaining new respect for the role transposable elements play in evolution 


Transposons at work. A 
transposon-activated marker 
gene was turned on in the 
developing nervous system of a 
‘mouse embryo (tp) inthe same 
places as a key transcription- 
factor gene (bottom), indicating 
that the transposon helps 
control this gene's expression. 


ofthe genome'’s junk DNA. But recent stud- 
es show that some transposons don't decay. 
A few have lasted hundreds of millions of 
years relatively unchanged and are found in 
the same place in the genomes of many 
species. To be so highly conserved, they 
must play a role so important to surviv 
that evolution keeps them intact, weeding 
out deleterious mutations. One family of 
transposons, for example, first made 
its appearance during the evolution of 
tetrapods; and its descendents are still 
recognizable, suggesting that th 
‘may have helped shape the ev 
Jution of that particular group 
of animals. 


Beyond gene boundaries 

A few researchers suggested 
early on that transposons may 
play important evolutionary 
roles. Nobel laureate Barbara 
McClintock ealled them control el 


ms ments when she discovered them about 


»° 


ears ago, and 2 decades later, Roy 
Britten and Eric Davidson suggested 
that they provide fortuitous 
opportunities for evolutionary 
innovation. In 1969, they pro- 
posed that new branches on 


complex organisms arose at 
least in part from changes in 
how genes were regulated. They 
also argued that these changes 
were often caused by repetitive 
elements, many later identi- 
fied as transposons. 
s of genes turn on at 
particular times during devel- 
opment in specific places to 
specify lungs instead of gills, 
brain instead of kidney, and so 
on. Certain regulatory DNA 
and proteins control these 


wow: 


Fossil fish. ONA studies ofthis 
ancient coelacanth, a gift to the 
Tokyo Institute of Technology from 
Tanzania, ed tothe discovery of 
conserved transposons. 


activities and, Britten and Davidson sug- 
ested. repetitive elements that copied them 
selves into different parts of the genome 
‘occasionally reconfigured these controls, In 
the new positions, this mobile ge 

rial could, for example, corral two independ- 
‘ent gene networks and bring them under one 
regulatory roof, generating new cell types 
and consequently new structures, “You 
could have genes that are totally unrelated 
suddenly getting turned on in the same tissue 
at the same time,” explains Gill Bejerano, 
molecular geneticist at Stanford University 
in Palo Alto, California. 

‘Over the years, this idea lost momentum. 
“It was untestable.” recalls Davidson, a 
developmental biologist at the California 
Institute of Technology in Pasadena, But as 
researchers began comparing genomes 
rolling off the sequencing machines. it 
became clear that not al junk DNA was junk, 
and Davidson and Britten’s idea began to 
Jook more plausible. 

In 2004, Bejerano, then at the University 
of Califomia, Santa Cruz, and his coll 
described more than 400 stretches of at least 
200 bases that were the same in human, rat, 
. chicken, dog, and, to a lesser extent, 
fish. Three-quairers of these so-called ultra 
conserved regions resided outside genes 
(Science, 28 May 2004, p. 1321). Last year, 
Byrappa Venkatesh of the Institute of Molec 
ular and Cell Biology in Singapore and col- 
leagues compared DNA of elephant sharks 
and humans, which diverged 530 million 
years ago, Working with a very sketchy draft 
oof the shark genome. they found 4800 con- 
served sequences. Like others, they found 
that these conserved sequences tended to 
cluster near genes for proteins that regulate 
transcription and DNA binding. 
xg Elgar of the University of London 
has found that many conserved eleme! 
burst onto the scene between the emergencs 
of lampreys and sharks, The timing suggests 


ues 
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that “the evolution of these sequences [was] 
key to the establishment of the 
Vertebrate gene-regulatory 
network for development, 
Elgar says. 

Gradually, researchers 
began to realize that 
some of these conserved 
elements were trans- 

posons. Th 
canth, a“ 


dates back more than 

400 million years, led Norihiro 

‘Okada of the Tokyo Institute of Technology to 
a whole conserved superfamily of transposons, 
called short interspersed repetitive elements, 
(SINE). Okada and his colleagues first found 
two SINEs in the coelacanth whose sequences 
looked similar enough to each other to have a 
they then searched forthe same 

sequences in genome databases. They found 
them in salmon, trout, hagfish, 
dogfish sharks, lancelets, cat- 
fish, and the sea urchin, 

they reported online in Genome 
Research on 22 May 2006. Yet 


in both humans 
“It suggests that 
some of these [transposable cle~ 
ments] had aequired function very 
ly on in evolution, and those 
functions have been retained,” 
$ John Moran, a molecular 
geneticist at the University of 
Michigan, Ann Arbor. 

When Broad Institute 
researchers Xiaohui Xie and 
Michael Kamal trekked through 
the human genome looking for 
stretches of DNA that occurred 
multiple times, they found one 
that looked quite a bit like the core of a 
zebrafish transposable element, also part of 

entually, they turned up 
123 more copies, some more complete than 
others. They found this SINE’s 180-base core 
n the same places in other genomes and a 
few copies in the coelacanth. This work 
appeared in the | August 2006 issue of the 


stained and put that DNA into fertilized 
mouse egus. The marker gene turned devel- 
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Proceedings of the National Academy of 
Sciences. Their SINEs proved to be the same 
‘ones that Okada discovered. 

‘When Bejerano took a close look at his 


ultraconserved sequences, he too discovered 
the remains of a family of transposable ele- 
ments, He saw this first in coelacanth DNA, 
calling it LF-SINE, “LF” for “lobe-finned” 
fish. He estimates that 10,000 LF-SINEs 


wwwsciencemag.or: 


exist in this fossil fish and. from their 
sequences, knows they are still active. 
Through genome comparisons, he and his, 
colleagues found LF-SINE variations in 
human, chicken, dog. and all the other tetra- 
pod sequences in the public databases. 

The conservation of the sequence in sim- 
ilar places in the genomes of all these 
species suggested they play a key role in 
‘genome function, Bejerano tested one that 
was located 500,000 bases from a gene cod- 
ing for a transcription factor active in motor 
neuron development. That's not close 
enough to be the primary controller of the 
‘gene’s activity, but Bejerano thought per- 
haps the transposon could exert a gene- 
activating effect from afar as a so-called 
enhancer. He linked the transposon’s 
sequence to a gene that would cause cells 
expressing that gene to turn blue when 


Transposon 


Jumping genes frozen through time. Transposons copy and paste themselves, 
proliferating throughout a genome. Most slowly mutate beyond recognition, but 
‘sometimes they persis, albeit in truncated forms. Those conserved in many 
species likely serve important functions. 


oping nervous system tissue blue pre 
where Bejerano expected it, he and hi 
leagues reported 14 May 2006 in Nature. 


‘Significant force 

No one was sure, however, how frequently 
transposable elements were co-opted in this 
way. In theory, the odds are in the trans- 
posons’ favor. “A transposon has no problem 
making 50,000 copies and splattering them 
throughout the genome.” Haussler explains 
Even if just one or two happen to land where 
they can be useful, they could still add up to 
be a powerful force in evolution. Yet “the 
impression was that there was a case here, a 
case there. that it was a really interesting 
fluke” Bejerano says. Now work by Bejerano 
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and others has shown that functional trans- 
posable elements are more than a fluke. 

Jerzy Jurka of the Genetic Information 
Research Institute in Mountain View. Califor- 
nia, working with Kerstin Lindblad-Toh and 
Tarjei Mikkelsen, both from the Broad Insti- 
tute, has found a surprisingly large role for 
transposons in the evolution of placental 
mammals. They compared the newly deci- 
phered opossum genome to those of humans 
and other placental mammals to identify 
regions that were conserved in placental 
mammals but not found in this marsupial 
These genetic innovations likely underlie the 
developmental and other differences bewween 
the two mammal groups. More than 95% of 
these innovations in the placental mammals 
Were outside protein-coding genes, and 16% 
‘matched up to one of more than a dozen trans- 
poson families, the researchers reported in 
the 10 May issue of Nanre. They conclude 
that transposable elements were likely instru- 
mental for regulatory chan; 
underlying features characteristic 
of placental mammals, “Its such 
a significant fraction that it can't 
be dismissed” Lander says, 

Overall, Bejerano and his col- 
nues have just found more than 
10,000 conserved trinsposons in 
the human genome, many dating 
back well before the split between 
placental and marsupial mam- 
mals, He and his colleagues first 
identified these sequences by 
looking for conserved stretches 
across a range of vertebrate 
genomes, including human, and 
subtracting out any that repre: 
sented genes. They pinpointed 
transposon-derived DNA by 
jtching up the shared sequences 

with known mobile elements in a 

database. The matches represent 
more than 5.5% of all the conserved noncod- 
ing sequence, he and his colleagues reported 
online 23 April in the Proceedings of the 
National Academy of Sciences. 

At this point, the evidence for a role for 
most of these partially preserved transposons 
is circumstantial. Their conservation suggests 
they have a function; otherwise, they should 
slowly disappear. But new, more powerful 
Wz genomes in silico or for 
pinpointing where transcription factors bind 
DNA promise rapid progress toward under~ 
standing what these conserved scored 
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OF GRANTS 
MILLIONS 


IN FUNDING 


GrantsNet. 
The first comprehensive 
science grants database. 


GrantsNet is expanding its listings of 

some 900 funding programs from private 
foundations and not-for-profit organizations 
to include 400 to 500 new entries from the 
grants.gov site. This provides the first 
comprehensive database of funding 
opportunities to research scientists and 
administrators, career counselors, financial 
aid specialists, and undergraduate and 
graduate students. For listings, go to 


www.grantsnet.org 
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PERSPECTIVES 


edited by Etta Kavanagh 


Biofuels and the Environment 


IN HIS EDITORIAL “THE BIOFUELS CONUNDRUM" (27 APRIL, P. 515), 
fuels, althoug 


Donald Kennedy describes how bi 


boon for the environment, have hidden costs that could prove environ 


Ahigh-diversity, orchid-rich meadow in the White 
Carpathian Mountains, which has been mowed 
almost every year for half a millennium. 


techniques seem eff 
stocks, which tra 


at first glance a 


ture of cell w 


mentally 


nd socially 
disastrous. His solu 
tion is “Wo a 


al path 


don 
this cluttered arena” 
and to invest in r 
search in plant phys 
ology 


to overcome 
biomass recalcitrance 
for cellulosic conver 


management, Leamin 


There are sev- 
al problems with 


this view. First, it is 
unlikely that a single 
approach will suit all 
circumstances, Forex 


rently bein 


Reference 


ample, gasification 


destructive biofuel monocultures. Such monocultut 
to be sustainable, Third, given the evolutionarily conserved struc- 
ls. it is possible that fooling with it would lead to 

» structural failur 


monocultures in biofuels: 


how to use stich 
fuels will not only redux 


and rely on expertise from 
considered, 


ent and promising for some feedstocks, but 
not all, Second, cellulosic conversion dem 


nds uniform feed- 


snmentally 
s are unlikely 


-input and env 


or, more likely, sensitivity 


More research into plant physiology may help solve some of these 
problems, but perhaps some of our money is better spent supporting 
plantecology. We already know that diverse 


sstands can outperform 


Iso know that such 


lands are being lost or degraded worldwide because of a lack of active 


sslands sustainably for bio~ 
ons but also promote 


greenhouse gas emis: 


biodiversity. But we must first moveaway froma erop-based mentality 


much broader scientific base than is © 


MICHAEL W. PALMER 


Department of Botany, 104 LSE, Ohlahoma State Univesity, Stilwater, OK 74074, USA 


4, D.Tiiman, Mil Leman, Since 324, 1898 (2006), 


DONALD KENNEDY'S EDITORIAL “THE BIO 
fuels conundrum” (27 April, p. $15) is timely 
and needed. However, we have two concerns. 
The first is that the suggested use of corn 
stover asa source for ethanol fuel has serious 


environmental implications. U.S. agriculture is 
currently losing topsoil 10 times faster than 
sustainability (J). Removi 


corn stover 
and/or leaving the soil unprotected will inten- 
sion 10-fold or more (2). Without 
of crop residues, soil loss may 


the protecti 


increase as much as 100-fold (3), Inere 


jing 
soil erosion also intensifies the global warm- 
ing problem and other problems (4. 5), 
Another concern is the fact that g 
plants collect little solar energ 
only 0.19% per year (6). Photovolt 
trast, collect 10 to 20% of the solar enengy or 
100 to 200 times the rate of green plants (6). 
Crops, forestry. and other green plants col- 
lect a total of 53 exajoules of solar energy per 
year from sunlight (7). However, Americans 


‘consume more than twice this amount of fossil 
fuel enengy each year (8). Some suggest that 
ethanol produced from com and cellulosic bi 


mass could replace 30% of the oil used in the 
United States (9), Yet the 20% of the US. com 
crop now converted into 5 billion gallons of 
ethanol replaces 1% of US. petroleum con- 
sumption (6). Ethanol yield from sugars bet 
ter, as documented in Brazil (Kennedy points 
this out), but the environm 

and social 


psts are enormous. Soil erosion 
ater than any 


associa 
other crop grown in Bruzil (/0), 

DAVID PIMENTEL? AND RATTAN LAL 
‘Cornell Univesity ithaca, NY 14853, USA. *President, Sol 
Science Saciety af America, and Ohio State University, 
Columbus, OH 43210, USA. 
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Response 
1'M HAPPY THAT PIMENTEL AND PALMER BOTH 


see the problems with biofuels, and [welcome 


their departure from that “cluttered space. 
Pimentel may be right about corn stover: I 
Patred it with wood chips merely to illustrate a 
distinction and not to advocate its use. By all 
means, let's focus on other cellulose sources. 
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Palmer is, in my view, too discouraged about 
the capacity of renewed emphasis on plant 
physiology and biochemistry to produce some 
solutions in this area. But he's dead right about 
ecology! Work as promising as Tilman’s cer- 
tainly deserves support. 


DONALD KENNEDY 


The Tobacco Industry and 
the Data Quality Act 


REGARDING DONALD KENNEDY'S EDITORIAL 
‘on the Data Quality Act (“Turning the tables 
with Mary Jane," 4 May, p, 661), itis important 
to emphasize that the Data Quality Act is an 
industry-ted initiative that gives private indus 
try access to raw data from federally funded 
research, The Data Quality 
independent researchers 
data to examine the completeness or accuracy 
of industry-generated research, The Editorial 
did not mention the leadership role that the 
Philip Morris Company played in the genesis, 
of the Data Quality Act, as documented by 
Baba era. (1), 


LIFE IN SCIENCE 


Stop—Look—Jump 


attendees, I started my day at about 4: 


ing instead. 


scatter chemists. 
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In 1994, | attended the Winter Gordon Conference on Electro: 
chemistry. This meeting was particularly memorable in that the frst 
morning of the conference coincided with the Northridge 
Earthquake, whose epicenter was about 50 miles away. Like the other 
that morning. One conse 
‘quence in the Ventura area was a loss of electrical power for most of that 
day, but the hotel was prepared with a backup generator. Given the disrup 
tion of the main 102 freeway in and out of town, everyone decided to go on with the meeting, as 
\we had power for the slide projector (this is a primitive information transfer... oh, never mind). 
Such dedication did not go unrewarded. During the second or third speaker's talk (about 10 
‘a.m. the fist aftershock hit (being chemists, we somehow forgot all about aftershocks). We then 
noticed that the speaker was directly underneath one of the wonderful chandeliers you seem to 
see in California hotels and nowhere else—the ones with 
tong, thick hanging glass prisms suspended on what seemed 
to be the thinnest of threads. This situation was pointed out 
to the speaker, who looked up, saw the swinging glass over 
head, and then proceeded to jump backwards well clear of 
any danger (such athleticism is normally reserved for the 
afternoons at Gordon Conferences), Several attendees also 
noticed that they, too, were under chandeliers, and moved 
‘quickly and appropriately. A quick inspection ater the shak 
ing stopped revealed a small number of broken prisms 
‘on the carpeted floor, at which point heads started shak 


So remember, prisms scatter more than light—they even 


In the mid-1990s, after failing to obtain raw 
data fom federally funded researchers by ask- 
ing foe it or suing them, Philip Morris worked 
to change regulations governing the release of 
such data. They drafted model data access leg- 
islation in 1996 (1). In 1997, they met with the 
Center for Regulatory Effectiveness to seek 
support for their proposed legislation from the 
business coalitions that were already fight 
the US. Environmental Protection Agency's 
outdoor air regulations (/). Part of Philip 
Morris's strategy was to form a coalition of 
industry supporters including the American 
Petroleum Institute, the National Rifle Assoc- 
iation, and the Electric Power Research In- 
stitute, The Data Access Act was passed in 
1998, followed by the Data Quality Act in 
2000. Philip Mortis then hired lobbyist Jim 
‘Tozzi to draft model guidelines for the agen- 
cies and meet with major companies to teach 
them how to use the new regulation to their 
benefit (/). The effects that the tobacco indus- 
tty has on govemment regulatory process are 
still underestimated, 
SSUZAYNN FRANCINE SCHICK, 
USA ANNE BERO,? DANIEL M. COOK? 


EDITOR'S NOTE 

‘This will be an occasional feature 
hhightighting some of the day-to- 
ay humorous realities that face 
‘our readers. To prime the pump, 
we present the following. A group 
‘of us were sitting around over 
rinks at the AAAS Meeting talk- 
jing about the strange events at 
lectures we had attended, The fol- 
lowing is a gem from a Science 
‘staff member. Can you top this? 
‘Submit your best stories at ww. 
‘submit2science.org. 


PHILSZUROMI 
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Univesity of Nevada, Reno, NV 89557, USA. 
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Explorer XII: Spinning 
Faster Than Expected 


THE ARTICLES IN THE 13 APRIL ISSUE CON- 
cerning sunlight changing the rotation rate of 
objects in space (“Direct detection of th 
dal YORP effect.” Reports, p. 
of asteroid (54509) 


worlds tum," Perspectives, p, 211) brought 
back memories of the surprise researchers felt 
‘when the rotation nite ofthe Explorer XIL satel- 
lite (aunched 16 August 1961) did notdecrease 
after launch, but inereased instead, The solar 
paddles were oriented in a propeller fashion, 
and the effect of solar radiation was soon 
named the culprit, In this Earth-orbiting satel- 
lite, the spin rate increased for six months and 
decreased for six months. 


DAVID H. SCHAEFER 


{George Mason University, Fairfax, VA22030, USA, E-mail 
Schaeter@oru.edu 


Response 
‘SCHAEFER'S RECOLLECTION IS QUITE CORRECT 
as regards the unexpected variation in spin 
rate of Explorer XII (COSPAR designation 
1961 v). The spacecraft was launched into a 
highly eccentric orbit with an apogee altitude 
of about 12 Earth radii and a perigee altitude 
of about 790 km (/), Although there was con- 
cern about the aerodynamic effects on the 
spacecraft, the effeets of radiation pressure 
‘were not anticipated. With the spacecraft 
spending most of its time well away from the 
almosphere, the effects of radiation pressure 
became dramatically apparent in the increase 
of the spin rate. 

In written and laboratory work (2-4) done 
by one of us (Paddack), a small test model was 
used in a vacuum chamber to 
of radiation pressure on a uniformly colored 
object. Consequently, the Radzievskii 
of variations of color (5) and the Crookes 
radiometer effect (6) were removed. By 
design, the test model had geometry similar to 
some of the early Explorer spacecrafi. 
Paddack personally knew and consulted with 
JV. Fedor, who analyzed and explained the 
Explorer 12 behavior (7). 

There were others who contributed to th 
kind of work in the early years of the launch- 


sncemag.org 


ing of artificial satellites, including M 
(8)and Claney and Mitchell (9) 

STEPHEN J. PADDACK (RETIRED) AND 

DAVID P. RUBINCAM 


NASA Goddard Space Flight Center, Greenbelt, MD 20773, 
USA. 
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An Update ona 
Misconduct Investigation 


IN THE ARTICLE "TRUTH AND CONSEQUENCES" 
(News Focus. 1 September 2006, p. 1222), J 
Couzin described findings from an investiga 
tion at the University of Wisconsin, Madison, 
that raised questions about three peer- 
reviewed papers co-authored by Elizabeth 
Goodwin, In the ease of the paper by O. Lakiza 
et al. (1), the Editor-in-Chief of Develo 
mental Biology said that the authors were 
reviewing the relevant data, That statement 
\was correct, but the inclusion of an image of a 
reprint of the paper may have left a negative 
impression in some readers’ minds. Moreover, 
atthe time of the article's publication, the ease 
against Goodwin was not complete and the 
authors of the three papers were in no position 
to come to any conclusions about the matter. 
The authors of Lakiza ef al. received a 
draft of a statement from the University of 
Wisconsin report by e-mail that suggested a 
possible problem with two panels out of five 
in Fig. I (one of nine figures in the paper), We 
identified original data for Fig. 1 and did new 
‘experiments with independent methods and 
the conclusions that the 
paper reached from data presented in that fig- 
ure, That process is now complete, and afier 
er review and scrutiny commensurate with 
the matter, the results have appeared in 
Developmental Biology (2). They verify the 
izinal conclusions of Fig. | of the paper. 
. the presence of RNP complexes in vivo 


wwwsciencemag.org 


and the binding of GLD-1 protein to specif 
sequences in the 3'UTR of ima-1 

The additional validation work was under- 
taken with support from several labs and 
would not have been possible without their 
collective, independent help. Most notewor- 
thy are the young scientists who worked so 
ard on the paper at early stages of their 
because they are victims of this, 
unfortunate situation and are doubly victim- 
ized if the conclusion the scientific commu- 
nity reaches is that this paper has no merit, 
Although the scientific results are the most 


careers. 
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important component of the vindication of 
the work, I feel strongly that we owe it to 
‘our young scientists to draw attention to the 
verification 

PHILIP Mt, JANNACCONE 
George M. Eisenberg Professor, Deputy Director for 
Reseatch, Children’s Memorial Research Centet, North- 
western University Feinberg School of Medicine, 2430 
North Halsted Street, Chicago, i. 60614, USA, 
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‘CORRECTIONS AND CLARIFICATIONS 


Reports: “Utralow riction of carbonate faults caused by thermal decomposition” by R. Han et a. (12 May, p. 878). Color 
‘races appeared incorrectly in Fig. 20; Fig 3, A, Cand D; and Fig. 4, The corrected figures ae shown here 
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SCIENCE AND SOCIETY 


To Arbitrate or to Advocate? 


Nathan €. Hultman 


chaps there was a time when scientists 
Preeti manasa 
separation from the big political 
ns of their day, toiling with utmost focus on 
and investigating questions of 
tical importance without being asked 
by journalists, politicians, bureaucracies, and 
interest groups to interpret the “broader im- 
pct” of their inquiry and discovery. Although 
the reality of misty Visions of past times ean be 
debated. itis clear that 


science and society 
climate change, stem 
cell research, geneti- 


cally modified on 


imager A. Plotke Je nisms, space research, 
and biofuels, to name 

challenge 
ntists to con 


justa few 
textualizetheirresearch 
in a wider social ma- 
trix, Yet na a path of responsible 
engagement and contested political 
context can try the integrity of even the most 


seasoned researchers: indeed. science is of 
‘course sometimes used as a shield for advanc- 
ing individual political agendas, even by scien- 
tists themselves. Moreover, scientists often jus- 
tify. sometimes under duress, their requ 
funding by linking their research to broader 
societal benefits, even if their research has no 
such goal. In The Honest Broker: Making 
Sense of Science in Policy and Politics, Roge 
Pielke Jr, successfully illuminates these 
hall 
poses several reflexive questions that enable 
researchers to improve their contributions to 
the public inte 

Pietke (a professor in the Environmental 


yes to science and scientists. He also 


Studies Program, University of Colorado) has 
contributed extensively to debates on climate 
change science and policy, especially on hur- 
ricane and storm damayes. His perspectives 
‘on the scientific process and climate change 
also draw on his training as a political seien- 
tis, his Familiarity with academic views of the 
role of scientists in policy, and his experience 
collaborating with his father, Roger Pielke Sr. 
aan atmospheric scientist. The author's back 
ground gives him a broad vantage point from 


The reviewer isat the Program in Science, Technology, and 
Intemational Afairs, Georgetown University, Washington, 
1C 20057, USA. E-mall neh3@georgetown edu 
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present-day issues of 


Which to assess the problems that can arise 
when bri 
cratic debates. 

In formulating his approach, Pielke ad- 
dresses * 
everyday decisions about how to position their 
careers and research in the context of poli 
and politics.” To simplify his at 
posits four idealized roles for an individu: 
the disinterested pure scientist; the 
science arbiter, who provides expertise on nar- 
rowly defined, scientifically testable que: 
tions; the honest broker, who provides a suite 
of scientifically informed policy options (in 
much the same way that a travel guide pro- 
vides information on restaurants or hotels in 
unfamiliar territory); and the overt advoca 

Pielke’s framework provides a 
helpful starting point for investi 

ating factors that complicate the 
relationship. It 
n of what 


scientific expertise into demo- 


scientists who increasingly face 


science-society 
highlights the quest 
role individual scientists should 
play in a well-functioning democ- 
racy: Should a scientist engage in 
explicit interest-group politics in 
the Madisonian tradition or pro- 
vide informed alternatives to 
Politicians and decision-makers? It 
also illuminates different views of 


science in society: a linear model, 
whereby knowledge is created in 
the lab, packaged by scientific 
experts, and then handed off to 
politicians to do what they will; 
stakeholder model, in which scien- 
tists-as-experts work to understand 
the interests of different groups 
and the users of knowledge them- 
selves have some role in its pro- 


duction. Pielke has structured his 
four types stch that the combinations of these 
two factors span the space of possible roles. 
The framework also incorporates aspects that 
explain why some debates tend to become vit- 
riolic—for example, whether the decision at 
hand is characterized by consensus on values 
aimty, whether it isconnected to 
and whether the chosen role 
mtist acts to restrict or expand poss 
ble choice for policy-makers. Pielke deftly 
shows how scientists” selections among these 
options can aflect outcomes, 

In makin elk 
ble missteps, focusing on researchers who 


illustrates possi- 


claim to be acting in a nonpartisan way while 
simultaneously seeking to reduce society's 
scope of choices, Henotes with obvious regret 
that "Science has come to be viewed as simply 
a resourve for enhancing the ability of groups 
in society -gotiate, and compro- 
mise in pursuit of their special interests.” He 
also rues that “political battles are played ou 
in the language of science, offen resulting in 
policy gridlock 


toh 


nd the diminishment of sci- 


ence as a resource for policy His 
appropriate distaste for such “stealth issue 
advocates.” however, occasionally strains the 


framework—in one example, Pielke says that 
a few well-known scientists “served as Stealth, 
med that 


Issue Advocates when they cl 
[Bjorn] Lomborg has gotten his 


‘science’ 


se he has his 


sci 
wrong then necessarily those who accept his 
of *seience’ should lose out in political 


's emphasis is specifically on 
the link between political argument and sei- 
ence, but one wishes for more guidance on 


Government flanked by Magnanimity and Prudence. Detail 
from Ambrogio Lorenzetti’s Allegory of Good Government, Palazzo 
Pubblico, Siena, tay (1338-39). 


how scientists might have better engaged in 
public disagreements over competing scien- 
tific approaches. 

Though some of his examples seem periph- 
eral (such as an extended analogy to deci 


jon 


trine of military preemption), Pielke provides 
useful and thought-provoking metaphors for 
discussing how best to engage in public debate, 
Indeed, he urges a more subtle view of this 
Process precisely to improve discussions 
among the many stakeholders who have an 
interest in a better world: “The sci 
‘munity should .... maintain its involvement in 


tific com 
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contested political issues rather than withdran, 
‘as was historically the case when scientists 
sought to be "value free’ and removed from 
practical concerns. It makes no sense to try to 
return to.a bygone—and largely mythieal—era 
\hen science was thought to be separate from 
politics.” While The Honest Broker speaks to 
the academic literature of science in soc 
in particular on decision-making under uncer- 
tainty and on how scientists themselves can 
politicize science—the book’ direct lang 
and conerete examplesconvey the concepts toa 
wide audience. By categorizing different roles 
in the often vexed but necessary relations 
between scientists and their social world, Pietke 
clarifies choices not only for seientists but also 
for the diverse members of democratic society, 
for whom scientific perspectives are an essen 
tial component of better pol 
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NEUROSCIENCE 


Wittgenstein and 
the Brain 


Barry Dainton 


hereof one cannot. speak, 
6e ¥,\ ] thereof one must be silent! 
With this now-famous line 


Ludwig Witigenstein brought to a close 
Tructatus Logico-Philosophicus, his first great 
\work (/). The lines that bring to a close his sec 
work, Philosophical Investigations 
are rather less well known: they include: 
nd barrenness of psychology 
isnot to be explained by calling ita "young se 


\ways of thinking about the mental realm that 
Wittgenstein held to be disastrously misguided. 
aaysof thinking are also preval 
to equally disastrous effect, in contemporary 
neuroscience, or so philosopher Peter Hacker 
and neuroscientist Maxwell Bennett argue over 
the 450 or so Wittgenstein-inspired pages of 
Philosophical Foundations of Neuroscience 
(3). Neuroscience and Philosophy, the present 
(and much bri ) work, is a useful introduc 
tion totheir position. Itcontains several extracts 
from Foundations, together with critical sur- 
veys by John Searle and Daniel Dennett 
derived from an “authorsand critics” session at 
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the 2005 American Philosophical Association 
meeting—and responses from Bennett and 
Hacker (henceforth “B&H"). 

There are several strands to 
B&H’s case, some more con- 
tentious than others. Quoting 
from the like of Blakemore, 
Crick, Edelman, Frisby, Marr, 
and Young. they show that neu- 
roscientists commonly talk of 
subsystems within the brain 
storing maps, representations, 
and information; forming, 
potheses: or passing “symbols” 
and “messages” to each other. 
Much ofthis talk, they argue, is 
disguised nonsense. To take just one example, 
for something to be a map inthe ordinary sense 
ofthe term, in addition to certain similarities of 
structure between the map and what it depicts, 
there are also rules and conventions that allow 
someone who understands them to know what 
parts or aspects of the world the map is repre 
senting. Because so-called neural mapsaretyp- 
ically not associated with such conventions, itis 
wrong to suppose they “represent” in the way 
of ordinary maps, although some neuroseien- 
tists talk as if they do, Dennett complains that 
B&H aretoo conservative by far when itcomes 
to recognizing legitimate and fruitful exten- 
sions to the way terms are normally used 
such extensions are commonplace in all sc 
ences. He may well be right. But B&H are 
also right to insist that such extensions must 
be carefully considered. (Indeed, Dennett's 
own willingness to ascribe beliefs and inter 
tions to systems as simple as thermostats 
strikes some as.an ill-considered extension of 
ordinary usage.) 

So far so good, but what B&H themselves 
describe as their main fine of argument is 
more problematic and less obviously of poten- 
tial use to practicing neuroscientists. 

Although Sherrington, Eccles, and Pen- 
field may have subscribed to variantsof mind- 
body dualism, contemporary neuroscientists 
are generally of the opinion that our mental 
lives are material in nature and completely 
dependent upon neural going 
brains. Yet B&H claim that the 
committed to a pernicious form of dualism. 
Why so? Because these same neuroscientists 
hold that brains can think thoughts, have expe- 
riences, take decisions, hold grudges, remem- 
ber past events, and so forth. B&H claim this 
to0 is just nonsense. For itis not brains that 
have thoughts and experiences, it is human 
beings—i.. whole human animals. B&H do 
not deny that our mental lives depend on our 
brains, but they insist that to ascribe mental 
powers to brains is as senseless as ascribing 


Hacker a 
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mental powers to numbers 

This claim will strike many as bizarre in 
the extreme, What are their 
grounds for making it? Their 
reasoning derives from Wittgen- 
stein, who wrote: “Only of a 
hhuman being and what resem- 
bles (behaves like) a living 
human being can one say: it 
has sensations: it sees, is blind: 
hears, is deaf; is conscious or 
unconscious.” Like Wittgen- 
stein, B&H hold that when it 
comesto the correct ascription 
of mental states and pro- 
‘cesses, itis a subje 
ties for publicly observable behavior that are 
significant, not what is going on inside the 
subject (or her or his mind or consciousness) 
Simplifying only a litle, because brains are 
incapable of the relevant forms of behavior 
they can’t walk, talk, flinch, point, or run 
around-—it is senseless to ascribe mental 
attributes to them. 

This neobehaviorist conception of the 
mental is not obviously correct, to sty the 
least, The idea that conscious states possess an 
inner, subjective and private character—a 
character that is essential to their being con- 
scious states at all—is a very natural one. As 
Searle notes in his contribution, Wittgen- 
jans can plausibly be seen as conflating 
the external (behavioral) evidence for con- 
with the existence of eonscious- 
at BAH offer here on these matters i 
hot compelling: they say a good deal more in 
Foundations. 

This much-disputed topic aside, B&H's 
attitude to the brain is vulnerable to a more 
straightforward objection, I am currently able 
to think. It seems very plausible to think that I 
would continue to have this ability if 1 were 
reduced to the condition of a healthy living 
brain (maintained by life-support machinery, 
say). If Lam essentially a human being, as 
B&H suggest, then {am stilla human being in 
my diminished condition. But because 1am 
now indistinguishable from my brain—we are 
‘composed of precisely the same atoms—how 
«can itbe senseless to say that brains can think? 
Ifthere’s nothing to distinguish me from my 
‘brain, won't my brain be able to do everything, 
Tecan do? 
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ENVIRONMENT 


Carbon Mitigation by Biofuels or 
by Saving and Restoring Forests? 


Renton Righelato* and Dominick V. Spracklen 


hoosing from among the host of 
( strategies for mitigation of anthro- 

bon emissions is not easy. 
There are competing environmental priorities, 
social and economic factors, and commercial 
and political interests, One strategy that has 
received extensive attention isthe use of bio- 
fuels for transport, particularly ethanol from 
fermentation of carbohydrate crops as a sub- 
stitute for petrol and vegetable oils in place of 
diesel fuel, Such an approach would require 
very large areas of land in order to make tsig- 
nificant contribution to mitigation of fossil 
fuel emissions and would, directly or indi- 
rectly, put further pressure on natural forests 
and grasslands. There are numerous assess- 
ments of the relative merits of different liquid 
biofuel strategies(e.., /-3), but few compare 
these with other uses of land (4), 

‘Two issues need to be addressed before the 
efficacy of biofuels can be assessed: the net 
reduction in fossil earbon emissions (avoided 
emissions) arising from use of agriculturally 
derived biofuels and the effect of alternative 
land-use strategies on carbon stores in the bio- 
sphere. As land is the limiting resource, the 
appropriate basis for comparison isa function 
of land area (Mg C har! year"), We use a 
period of 30 years as-« basis for comparing 
strategies because it is likely to take that much 
time for carbon-free fuel technologies to 
be developed and introduced. Estimates of 
avoided emissions vary widely depending on 
crop, fuel type, and conversion technology 
used; some typical examples derived from | 
cycle analyses are shown in the figure (right). 
In these analyses, no allowance has been made 
for emissions arising from change in land use 
to produce the fel erop. In all cases, foresta- 
tion of an equivalent area of land would 
sequester two to nine times more carbon over a 
30-year period than the emissions avoided by 
the use of the biofuel. Taking this opportunity 
‘cost into account, the emissions cost of liquid 
sds that of fossil fuels. 
large areas of Land would be 


R.Righelato, World Land Trust, Halesworth, Suffolk 119 
‘BAB; D. V. Sprackien, School of Earth and Enviconment, 


Univesity of Leeds, Leeds, UK. 
‘Author for conespondence.€mak: rertong@waidlandtrst. 
og 


17 AUGUST 2007 VOL317 SCIENCE 


Cumulative avoided emissions per 
hhectare over 30 years for a range of 


The carbon sequestered by restoring forests is 
‘greater than the emissions avoided by the use 
of the liquid biofuels, 


biofuels compared with the carbon “scare tettanot is 
sequestered over 30 years by chang isi ees i 
ing cropland to forest and the oss ol « 
Carbon to the atmosphere by conver- Sugar bet 0 ehanat 
sion of forest to cropland. Error bars = 
indicate the ranges o valuesin the it- Mie ethnot 
erature cited. Details are in the SOM. 
Rapeseed to isl 
needed to make significant qUetn- Woody biomass to deat 
tities of fuel. A 10% substitution naelied 
of petrol and diesel fuel is est "to cropland 
mated to require 43% and 38° Tropa cropland 
‘of current cropland area in the Ldeeiy 
‘United States and Europe. respec a 
tively (5). Aseven this low substi Temperate cropland. 
tution level cannot be met from ‘o gotard a 
existing arable land, forests and Hier Sea aoe ee 
grasslands would need to be eins selena, 


cleared 10 enable production of 
the energy crops. Clearance results inthe rapid 
‘oxidation of carbon stores in the vegetation and 
soil, creating a large up-front emissions cost 
(6) that would, in all cases examined here, out- 
\weigh the avoided emissions 

Of the biofuel sources shown, only conver- 

sion of woody biomass (/. 2, 4, 7) may be 

ompatible with retention of forest carbon 
stocks. Woody biomass can be used directly 
for fuel or converted to liquid fuels. Although 
still in a development stage, avoided emis- 
sions in temperate zones appear similar to 
assimilation by forest restoration. Moreover, it 
may be possible to avoid environmental prob- 
Jems associated with extensive monoculture 
(8) by harvesting from standing forests. In this, 
ase, soil and above-ground carbon stocks 
may be built up in parallel with sustainable 
harvesting for fel production. 

If the prime object of policy on biofuels is 
mitigation of earbon dioxide-driven global 
warming, policy-makers may be better 
advised in the short term (30 years or 50) to 
focus on increasing the efficiency of fossil 
fuel use, to conserve the existing forests and 
savannahs, and to restore natural forest and 
grassland habitats on cropland that is not 
needed for food. In addition to reducing net 
irbon dioxide flux to the atmosphere, con- 
version of large areas of land back to second- 
ary forest provides other environmental serv- 
ices (such as prevention of desertification, 


provision of forest products, maintenance of 
biological diversity, and regional climate reg 
ulation), whereas conversion of areas of 
land to biofuel crops may place additional 
strains on the environment, For the longer 


term, carbon-free transport fuel technologies 
are needed to replace fossil hydrocarbons, 
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BIOCHEMISTRY 


Getting Into and Through 
the Outer Membrane 


Jan Tommassen 


Wo membranes surround Gram- 
[ negative bacteria, as well as mitochon- 
dria and chloroplasts in eukaryotes, 
Transport of proteins into or through the outer 
of these membranes usually requires complex 
molecular machines. Omp85, an evolutionary 
‘conserved protein, isthe central component of 
the machine required for folding and inserting 
‘outer membrane proteins (OMPs) (J). More- 
‘over, some OMPs with sequence similarity 10 
Omp85 are involved in transport processes 
suich as protein secretion in bacteria andl pro 
tein import into chloroplasts (2). In this issue, 
Kim et af. (p. 961) and Clantin et al. (p. 957) 
provide insights into the structures of mem- 
bers of this protein superfamily (3. 4). 
The bacterial Omp85 consists of a me 
brane-embedded barrel and an amino 
(N)-terminal periplasmic extension enco 
passing five polypeptide transport-associated 
(POTRA) domains. It interacts directly with 
its substrate proteins (5) and is part of a ec 
ples that also contains tour lipoproteins. YfiO, 
YiuL. NIpB, and SmpA. of which only one, 
Y{iO. is essential (6, 7), The mitochondrial 
Omp85 homolog contains only one POTRA 
domain, which directly interacts with sub- 
strate proteins (4). The accessory lipoproteins 
are not found in the mitochondrial system, 
Kim eral. (3) report the structure of a frag- 
ment of the Omp8S-family member YaeT 
from Escherichia coli. The fragment encom- 
passes four complete POTRA domains and, at 
the carboxyl (C) terminus, a short segment of 
the fifth one, Each POTRA domain consists of 
a three-stranded fi sheet and two et helices. In 
the erystal the fragment forms a dimer as a 
result of the augmentation of the B-sheet in 
POTRA-3 with a f strand formed at the C- 
terminal end of the other subunit. Although 
this dimer is a crystallization artifact, the 
dimer interface may reflect the way in which 
YiteT interacts with its substrates: this inter- 
action involves a signature motif that forms a 
B strand at the C termini of these proteins (5). 
Thus, like the POTRA-S segment in the erys- 
tallized YaeT fragment, this signature motif 
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COMP insertion at 
te lipid-protein interface 


The structures of two related bacterial 
membrane proteins help to understand protein 
transport processes in the outer membranes of 
bacteria, mitochondria, and chloroplasts, 


COMP insertion at 
subunit interface 


Protein traffic in the outer membrane. (Left) Cantin etal. suggest that in two-partner secretion, substrate 
binding to POTRA-1 opens a channel in the FhaC transporter by displacement of pore-blocking segments 
(6). Extracellular folding of the secreted FHA protein into a B helix probably provides energy for transport. 
(Middle) Binding of an OMP to the POTRA domains of an Omp85 protein, such as YacT studied by Kim etal, 
results in outer membrane insertion, possibly atthe proteiavlipid interlace. For simplicity, accessory proteins 
of the Omp85 complex are not shown. (Right) A central channel formed by oligomers of Omp85 super- 
{amily members might provide an alternative route for insertion and/or translocation, 


formsa strandattheC termini ofthese proteins. 

Kim et al. investigated the possibility that 
the subunit interface is involved in substrate 
recognition. Mutations in POTRA-3 that 
should prevent B augmentation did not inter- 
fere with YacT function but with binding of 
the YfgL subunit of the machine. Thus. 
POTRA-3 may bind YfeL by fi augmenta- 
tion, In a series of mutants in which all 
POTRA domains were deleted one ata time, 
all deletions severely infringed function 
Furthermore, deletion of POTRA-2. -3. -4, 
and -5 each resulted in loss of YfaL. from 
the machine. Deletion of POTRA-5. which 
shows the highest sequence conservation of 
all POTRA domains (/), resulted in loss of al 
accessory lipoproteins. 

Clantin ef af. (4) solved the structure of 
FhaC, a member of the Omp85 superfamily 
involved in the secretion of filamentous hemag- 
glutinin (FHA) in Bordetella pertussis via a 
pathway known as two-partner secretion. The 
structure shows a B barrel and an N-termina 
extension consisting of an helix and two 
periplasmic POTRA domains structurally 
resembling those of YaeT. The f barrel consists 
of 16 antiparallel B strands connected by short 
tums at the periplasmic side and long loops at 
the cell surface. The channel within the barrelis 
‘occluded by loop L6, which folds into the bar- 
rel and by the N-terminal «helix, which spans 
the channel imterior. Theresidual opening of 3A 
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{stoo narnw toallow for transport of a protein, 
even inan extended conformation, 

However, upon reconstitution of FhaC into 
planar lipid bilayers and application of a trans- 
‘membrane potential, much wider channels were 
revealed with a conductivity of 1200 pS (9), 
corresponding to channel widths of 8 to 10 A, 
Thus the channel appears to be dynamic: Upon 
binding of FHA to POTRA-1 (4), the channel 
may open by extrusion of the 0: helix and/or 
Joop L6, thus ereating a protein translocation 
pathway (see the figure, left panel). Previous 
work indeed showed a topological rearran; 
ment in L6 upon coexpression of FHA (10). 

‘What can we learn from the FhaC structure 
about the C-terminal domain of Omp85 pro- 
teins? Omp85 showed much narrower ch: 
nels in planar lipid bilayers than FhaC. Their 
conductivity of 120 pS (5) could correspond 
to the closed channels observed in the FhaC 
crystal structure, OmpRS sequences show a 
otif that corresponds to the L6 
but no segment correspond 


conserved 1 


‘minal helix. Thus, assuming that 
‘Omp8 has a similar 16-stranded B barrel as 
FhaC, another loop besides L6 should con- 
tribute to closing the channel. 


Inthe planar lipid bilayer experiments, sub- 
strate binding increased the channel activity of 
‘OmpX5 (5), but this increased activity reflected 
a higher probability for the open state, rather 
than a widening of the low-conductanee chant- 
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nels. Hence, there is no indication that Omp83 
channels can open by displacement of pore- 
blocking segments, Indeed. it is unlikely that 
COMPS would inser into the B barrel of Omp&s5, 
because it is difficult to envisage how such a 
barrel could subsequently open laterally to 
allow for OMP insertion into the membrane, 
Rather, OMPs will insert at the lipid/protein 
interface (see the figure, midlle panel) oF atthe 
subunit interface of an oligomeric complex 
(see the figure, right panel), 

‘Omp85 forms defined homo-oligomeric 
complexes in vitro (5), Similarly, HMW1B, an 
FhaC homolog involved in two-partner secre~ 
tion in Haemophilus influenzae, has been puri- 
fied from the outer membrane as a tetramer 


(1. In liposome-swelling assays, both pro- 
teins showed pore sizes of 2.5 to 2.7 nm— 
much wider than the channel within the FhaC 
B barrel. Furthermore, electron microscopy 
has shown that the HMW1B oligomer formed 
ringlike structures with a central cavity of 2.5 
rim (11), The possible involvement of these 
‘wide channels in protein traffic (see the figure, 
right panel) needs to be investigated. 

The mechanism and the pathway of pro- 
tein traffic via members of the Omp85 super- 
family is still far from understood. Future 
experiments should focus on the characteriza 
tion of the oligomeric complexes and on the 
development of in vitro systems with purified 
components to study these processes. 
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CELL BIOLOGY 


Aneuploidy in the Balance 


Prasad V. Jallepalli and David Pellman 


central principle of genetics is that 
A: within an organism contain the 
same complement of chromosomes, 
The presence of too many or too few chromo 
somes, called aneuploidy. is associated with 
disease, and aecounts for the majority of spon 
taneous miscarriages in humans, as well as 
hereditary birth defects such as Down syn- 
drome (/), Precisely how aneuploidy affects 
cells is not well understood. Extra chromo- 
somes cause a proportionate inerease in gene 
expression (2), potentially altering a cell's 
dosage of proteins in damaging ways. On the 
other hand, most cancer cells are aneuploid, 
suggesting that some patterns of chromosome 
ie normal 
ints and develop into malignant 
tumors—for example, by acquiring extra 
copies of an oncogene, of losing a tumor sup- 
pressor gene (3, 4), But are the effects of an- 
cuploidy strictly specific to a given over- or 
underrepresented chromosome, or does aneu- 
ploidy evoke a generalized physiological 
response regardless of what chromosome is 
affected? A new study by Torres ef al. (5) on 
page 916 of this issue uncovers characteristics 
shared by all aneuploid cells, identifying a 
broad cellular response to aneuploidy that has 
ramifications for better understanding anew- 
ploidy-linked diseases in humans. 
Torres er al. analyzed the budding yeast 
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Normal yeast cells 


‘More genes but les fit. Yeast cells that gain an extra chromo- 
some are at a proliferative disadvantage relative to normal 
‘ells, regardless of the specific chromosome gained. Aneuploid 
Cells try to compensate for the gene imbalance by increasing 
protein turnover, which requires more energy and slows down 
proliferation. Cancer cells somehow overcome the antiprolifera- 


tive effect of aneuploidy. 


Saccharomyces cerevisiae, a well-established 
and tractable system for studying chromosome 
segregation errors (6). In general. aneuploid 
yeast cells are at a substantial competitive di 
advantage relative to cells with a normal 
complement of chromosomes (euploids) 
because they are eventually overtaken by 
spontaneously arising euploid revertants 
(7.8). However, aneuploidy can be beneficial 
in the presence of strong selective pressure 
(9, 10). For example, where yeast has two sim- 


‘Yeast cell with extra chromosome 
aneuploidy") 


Celts compensate by 
‘increasing protein turnover 
‘increasing metabolism 


Antiproliferative effects 


‘An extra chromosome slows yeast cell 
proliferation, suggesting that aneuploid 
human cells must overcome this effect 
‘during carcinogenesis, 


ilar genes on different chromo- 
somes, eells in which one of these 
panalogs is deleted may compensate 
by the chance gain of an extra copy 
ofthe chromosome bearing the other 
paralog (10), Torres eral, engineered 
‘yeast strains to contain two copies of 
Specific chromosomes (disomes) on 
an otherwise haploid genetic back 
ground. By varying the identity of 
the extra chromosome, the authors 
generated disomic strains encom= 
passing 13 of the 16 yeast chromo- 
somes. As expected, genes present 
on disomic chromosomes were tran- 
seribed at about twice their normal 
levels. However, afier correcting for 
this effect, two groups of genes were 
coordinately up-regulated in many 
different aneuploid strains. One clus- 
ter, previously characterized as part 
of the environmental stress response, 
isalso induced in many slow-growing 
but euploid strains. However, the 
other cluster, whose expression in- 
‘reased in aneuploid strains independently of 
growth rate, includes genes involved in ribo- 
some biogenesis. Ribosome biogenesis con- 
sumes roughly half of the metabolic energy of 
a proliferating yeast cell, and itis tightly 
‘coupled to signaling pathways that regulate 
progress through the G, phase of the cell divi- 
sion cycle (/1), Indeed a substantial fraction 
of the aneuploid strains examined by Torres = 
et al. exhibited a delay in cell cycle entry & 
and an increase in cell size, demonstrating & 
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functional impact of supernumerary chromo- 
somes on cell proliferation. Identifying the 
molecular nature of this signal will be of eon- 
siderable interest. 

The authors found that aneuploidy also 
strongly affects cell metabolism. The aneu- 
ploid strains avidly take up glucose, and many 
also undengo amplification of genes encoding 
glucose transporters, However, glucose is used 
less efficiently in these cells, resulting in lower 
‘accumulated biomass per unit of glucose. This 
is intriguing given that many tumor cells 
exhibit the "Warburg effeet” (/2), in which 
glycolysis (anaerobic metabolism) is empha- 


sized at the expense of mitochondrial (aerobic) 
respiration, Although S. cerevisiae has a 
unique physiology that emphasizes fermenta- 


tion relative to respiration it will be interesting 
to determine whether aneuploidy elicits a sim- 
ilar metabolic effect in mammalian cells. 
‘What is the basis for the increased glucose 
requirement in the yeast aneuploids? Torres er 
4al, propose a simple and intuitive explanation. 
Although transeripts from the disomic ehro- 
mosome doubled in abundance, steady-state 
levels of many proteins encoded by these tran- 
seripts did not. The aneuploid strains are also 
sensitive to compounds that inhibit protein 
translation or block protein degradation by 
proteasomes. Thus, the gene expression imbal- 
zads to compensatory proteolysis, which 
ls more energy (see the figure). 
Furthermore, analysis of strains harboring 
large human genomic DNA fragments as 
Yeast artificial chromosomes, which are not 
‘expected to be transcribed of translated to any 
great extent, did no exhibit a growth de 
‘drug sensitivities asso 
indicating that these pheno- 
ire triggered by increases in gene expres- 
sion rather than the presence of extra DNA. 
The results of Torres ef al. and earlier stud 
ies of fibroblasts obtained from Down syn- 
drome patients (/3) indicate thata single extra 
chromosome can exert a sitong antiprolifera- 
tive effect in both yeast and! human cells. this 
is the case, then how do aneuploid cancer cells 
overcome this barrier? There are at least two 
possibilities. There may be a protective effect 
of diploidy, as Torres et a/. found that deleteni- 
‘ous consequences of an extra chromosome are 
less severe in diploid cells than in haploids. 
This is consistent with previous mathematical 
analyses showing that increases in the number 
‘of sets of chromosomes (ploidy) can buffer the 
effects of harmful somatic mutations in the 
short term (/4), Some cancers may arise 
through a tetraploid intermediate (/5), which 
‘could enhance this buffering effect. This may 
explain why yeasttetraploids exhibit high rates 
of chromosome loss but kick detectable delays 
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in cell cycle progression (6). In addition, 
{genes in mammalian cells can be transcrip- 
tionally silenced through mechanisms not 
available in yeast. For instance, most cancer 
cells exhibit localized chemical modification 
(hypermethylation) of specific stretches of 
DNA (CpG islands) in promoter regions of 
‘genes (/7), This could lessen the metabolic 
impact of aneuploidy by silencing genes on a 
supernumerary chromosome while preserving 
‘expression of other genes on the chromosome 
that confer a selective clonal advantage. None- 
theless, if at least a portion of the transerip- 
tional and phenotypic response to aneuploidy 
persists in cancer cells it may be possible to 
devise inhibitors that arrest or kill such aneu- 
ploid cells selectively. with litte or no impact 
‘on normal diploid tissues (18). 
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GEOPHYSICS 


The Need to Study Speed 


‘Shamita Das 


Rapid ruptures can cause more earthquake damage than slow ones. Lessons {rom past events 


indicate which faults may be most dangerous. 


ry depends in part on how fast rock 

ruptures (/). During the 1960s, owing 
partly to limited observation and partly 10 
inadequate theory. researchers believed that 
ruptures could not propagate faster than about 
3 kms, the speed of a transvere (shear) wave 
‘moving in rock, Several theoretical studies in 
the 1970s found that some ruptures could 
exceed this speed. perhaps reaching 3 km/s 
(2). Recently. Bhat et al, reported field obser- 
vations showing that an earthquake in Tibet 
ruptured faster than the shear wave speed (3). 
Given the potential for increased destruction, 
‘we must take such information into account 
‘when planning earthquake-resistant construc 
tion worldwide. 

The first earthquake that ruptured faster 
than the shear speed was the 1979 Imperial 
Valley, Califomia, event (4). No other exam- 
ple was found for two decades. supporting 
those who resisted the idea of supershear 
rupture speeds. However, starting in 1999, 


T: damage earthquakes cause to soci- 
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researchers began to measure fast rupture 
speeds (5, 6) in the laboratory. The improve- 
ment in quality and quantity of seismometers 
worldwide also led to new reports of super= 
shear rupture speeds (7). Yet, because these 
reports were based on analysis of very fe' 
seismograms, few accepted the possibility of 
supershear rupture speeds. 

Then in 2003, Bouchon and Vallée reported 
convincing evidence of supershear rupture 
speed for the 2001 Kunlunshan, Tibet, earth~ 
quake (magnitude M,, = 7.8) (8). This earth- 
‘quake, in which the net slip was in the direction 
of the surface path of the fault (a strike-slip 
fault), ruptured a segment longer than 400 km, 
the longest strike-slip fault rupture (both on 
land and under water) since the 1906 California 
earthquake. Robinson et al, (9) showed that the 
rupture started slowly, accelerated to a super- 
shear wave speed, and then propagated over 
‘more than 100 km ata speed of nearly 6 ks, 
before slowing and stopping (see the figut 
left panel). The region of very high rupture 
speed coincided with the region of highest 
earthquake displacement, highest fault slip- 
rate. and highest stress release and occurred on 
‘avery straight portion of the fault. 
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Fast breaks. (Left Vertical bars show the sip on the 
‘Main Kunlun fault for the 2002 Tibet earthquake 
[adapted from (9)]. (Upper and lower right) The 
fault slip for the 1906 California earthquake 
ladapted from (25). The fault segment ruptured is 
shown by the thick rd tine; the black star on thistine 
marks the region where rupture commenced. The 
fault rupture for the 1857 California earthquake is 
indicated by the red dashed tne, the black star ind 
«ating region of rupture commencement. I the next 
‘earthquake here follows this patter, a supershear 
rupture propagating southward would strongly focus 
shock waves on Santa Barbara and Los Angeles. 


High slip rate (the relative speed of the two 
sides of the fault) may drastically lower the 
friction on the fault (10, 1/), allowing much 
hhigher rupture speed (the speed at which the 
two sides separate at the leading edge of the 
fault), In the Kunlun earthquake, the region of 
large displacement has been separately con- 
firmed from satellite measurements (72). In 
addition, field observations, made several 
‘months later by Bhat ef al, showed a ~25-km- 
wide region to the south of the supershear rup- 
ture section of the fault with many off-fault 
‘open cracks (3). Calculations show that as 
the rupture moves from sub- to supershear 
speeds, large perpendicular stresses develop 
in the off-fault regions, as the shock wave 
passes through, which could explain these 
cracks (3), These off-fault open cracks are 
seen in only that portion of the fault that was 
found to have the very high rupture speed (9). 
This is independent corroboration that the 
earthquake did actually reach supershear 
speeds in this long, straight section of the 
fault, the first earthquake for which such 
direct evidence is availabe, 

The Tibet earthquake suggests that long. 
straight strike-slip faults are necessary for rup- 
tures to propagate at supershear speeds, Re- 
examination of earlier reports of supershear 
rupture also show that such speeds generally 
‘occur on the straight section of faults (7, 73), 
although not all straight portions of faults 
reach supershear speeds. Thus, straightness of 
the faultis only anecessary (but not sufficient) 


condition for very fast rupture. Fracture 
mechanics studies show that long, straight 
faults are more likely to reach the high rupture 
speeds. The faults start from rest, accelerate to 
the maximum permissible speed. and continue 
at this speed provide there are no obstacles 
along the way and fault friction is low (2). 

‘What can the 2001 Tibet earthquake teach 
tus about, for example, the 1906 and the 1857 
California earthquakes? Any repeats of these 
events may lead to fewer deaths but will cer- 
tainly produce greater financial cost than the 
2004 Sumatra-Andaman earthquake and 
tsunami. The 2001 Tibet earthquake is very 
similar to the 1906 San Francisco earth- 
quake, both being vertical strike-slip faults 
and having similar magnitude, fault length 
and width, and hence similar average slip 
and average stress drop. 

The 1906 earthquake rupture started south 
of San Francisco (see the figure, upper right 
panel) and propagated both to the northwest 
and to the southeast. Geodetic measurements 
(4) show that the largest displacements were 
to the north of San Francisco, which is in 
agreement with results obtained by inversion 
of available seismograms (/5). This northern 
segment may have reached supershear rupture 
speeds (/6). The fact that the high fault- 
displacement region is also here, where the 
fault is very straight, would provide additional 
support for this notion, assuming the 1906 
and the 2001 earthquakes behaved similarly. 
‘Unfortunately, due to heavy rains and rapid 
rebuilding following the 1906 earthquake. no 
information is available on whether off-fault 
cracksappeared in this region, Fortunately, the 


cold desert climate of Tibet 
had preserved the off-fault open 
‘cracks from the 2001 earthquake, 
uuneroded during the winter months, 
until the scientists visited. 

OF course, no seismograms 
are available for the 1857 Fort 
Tejon earthquake (see the figure, 
upper right panel), which was a 
strike-slip earthquake with a 
rupture length greater than 300 
km. Trenching across the fault 
revealed that the largest slip 
‘occurred in the Carrizo Plain, 
where the fault is very straight 
(17), One can speculate that the 
1857 earthquake may have prop- 
‘agate at supershear speeds inthe 
Carrizo Plain, and slowed as it 
‘went around the “Big Bend” just 
as the 2001 Tibet earthquake 
slowed ata bend inthe fault strik 

The 1857 and 1906 California 
earthquakes: may have props 
sited faster than was believed. If so, we need 
to apply the same analysis to other great 
strike-slip faults around the world, such as the 
more than 10,000-km-long Himalayan- 
Alpine seismic belt, We also need to develop a 
measure of the “straightness” of faults and the 
length of the straight portion required for such 
fast rupture speeds. Observations of of 
open cracks can be used as a diagnost 
for supershear rupture, and it would be useful 
to search for and document them, 
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NEUROSCIENCE 


Synapses Here and Not Everywhere 


David M. Miller 


rain function depends on a vast array 
B Of synapses or conectons,berween 
neurons. The overall architecture of 
these networks is defined by the creation of 
synapses as well as by the removal or 
pruning of excess connections. Pruningis par- 
ticularly dramatic in the human brain, in 
which an estimated 40% of synapses gener- 
ated during postnatal growth are eliminated 
by adulthood (/), The seope of this phenome- 
non argues for robust mechanisms that select 
synapses for preservation or destruction, but 
the molecular details are obscure, For in- 
stance, how is this choice regulated ina single 
neuron that initially synapses with multiple 
partners? On page 947 of this issue, 
Ding er af. (2) provide an intriguing 
model of this process in which the 
creation of adult synapses triggers 
the destruction of developmentally 
transient synapses forged by the 
same neuro 
These findings are derived from 
studies of amotor neuron circuit that 
regulates egg laying in the nematode 
Caenorhabditis elegans. The herma- 
phrodite-specifie neuron (HSNL) 
synapses with muscles and with 
VC-class motor neurons adjacent 
to the vulva, an opening through 
which fertilized embryos are ex- 
pelted from the uterus (see the fiz- 
Lure), Specialized structures assem 
ble at these synapses for the release 
of neurotransmitter signals from the 
presynaptic membrane to stimulate 
receptorsatt the postsynaptic surface. 
Ding et al. expressed presynaptic 
proteins (labeled with green fuo- 
rescent protein) in nematodes and 
observed that HSNL synapses near 
the vulva in the primary synapse 
region are accompanied by a distal 
set of HSNL connections in the sec- 
ondary synapse region during larval 
development. However, by the adult 
stage, these secondary synapses 
were removed as the primary 
synapse region matured. The authors, 
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Smagtc poten aeubiutinated 
‘and degraded in proteasome 


propose that a local cue directs the maturation 
‘and elimination events simultaneously, and 
that synapse removal results from the 
destruction of presynaptic proteins by the 
ubiquitin-proteasome system. 

The ubiquitin-proteasome system uses the 
‘enzyme E3 ubiquitin ligase to attach the pep- 
tide ubiquitin to specific protein substrates. 
These ubiquitin-labeled targets are dismem- 
bered in a barrel-shaped structure called the 
proteasome. The SCF (Skp1-Cullin-F-box) 
type of E3 ubiquitin i -omposed of 


multiple subunits and achieves target selectiv- 
ity with an interchangeable set of F-box adap- 
tor proteins (3). 


| 
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Local degradation of synaptic proteins 
determines which neuronal connections persist 
and which are eliminated during development. 


Earlier work by Shen and colleagues 
revealed that intercellular contact between a 
pair of immunoglobulin membrane proteins, 
SYG-1 and SYG-2, directs assembly of the 
primary synapse region (4, 5), Remarkably, 
‘SYG-2, the instructive signal that stimulates 
synapse formation in this location, is p 
sented by a nearby epithelial cell (guidepost 
cell) rather than by postsynaptic vulval muscle 
or VC motor neurons, Complementary ex- 
pression of SYG-1 in the HSNL neuron teth- 
‘et presynaptic components to this spot. 

In addressing the mechanism underlying 
this process. Ding er al. discovered that the 
intercellular domain of SYG-| directly inter- 
acts with SKR-1,a C. elegans homo- 
Jog of a core component (Skp1) of the 
SCF complex. This result must have 
induced some head-scratching at 
first, because contact with the SC 
complex is typically a death sentence 
for targeted proteins, But SYG-1 is 
clearly not degraded, and the primary 
synapse region remains intact, The 
key to this mystery was suggested by 
experiments. sho 
blocks SKR-1 binding toa specil 
box adaptor protein, SEL-10, Thus, 
Ding ef al, reasoned that SY 
1-SKR-I interaction in the HSNL 
ectively disrupts local ubiqe 

tivity by the SCF com 


uitination 


Blocks ubiquitinating 
activity 


Presynaptic ol Be 
are not egies 


Disconnections. (Top) The developing HSNL motor neuron intially forms synapses with vulval muscles and motor neu- 
rons in two locations. (Bottom) The protein SYG-1 blocks proteolysis of synaptic proteins at primary synapses but allows 
destruction of secondary synapses. £2, E2 ubiquitin conjugating enzyme; RBK, Ring finger protein, 
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plex, and thereby protects primary synapses 
from destruction. This mode! is supported by 
genetic experiments showing that primary 
synapses are unstable in nematodes lacking 
SYG-1 (syg-/ mutants) and that synapse 
removal requires components (SKR-I and 
SEL-10) of the SCF complex. 

But herein lies a paradox, In addition to 
protecting the primary synapse region from 
destruction, SYG-1 also triggers the demise 
of the secondary synapse region. Indeed, sec- 


ondary synapses are preserved in syg-/ 
‘mutants, whereas primary synapses are not. 
How does SYG-I direct the remote destruc~ 


tion of the secondary synapse region? The 
authors show that the ubiquitin-proteasome 
system is required to remove secondary 
synapses during normal development. Thus, 
'YGeI localization to the primary synapse 
region somehow stimulates proteoiytic activ- 
ity in the secondary synapse region, To 
explain this effect, Ding er al. propose that the 
SCF complex is limiting in the HSNL 
neuron, In this model, high SCF activity in 
the primary synapse region (for example, in 
‘mutant worms lacking SYG-1) indirectly 


protects the secondary synapse region from 
destruction. Conversely, when active SCF is 
excluded from the primary synapse region (as 
in the wild-type worms), more SCF is vail- 
able to “attack” target proteins in the second- 
ary synapse region. Although this model is 
pleasingly elegant and supported by addi- 
tional experiments (artificial elevation of 
SCF activity in the HSNL neuron removes 
both primary and secondary synapses). Ding 
etal, acknowledge that SYG-1 could also act 
through unknown alternative signaling path- 
‘ways to eliminate secondary synapses. 
‘Additional specific information about the 
‘mechanism proposed by Ding et al. isneeded to 
build a detailed biochemical model of the 
process. For example, which of the presynaptic 
‘components in the HSNL neuron is directly tar- 
geted by the SCF complex? Liprin-alpha 
an attractive candidate, as its removal is pre- 
dicted to destabilize presynapse assembly (6, 7). 
Another question is whether the postsynaptic 
apparatus—the organization of proteins in the 
cells receiving stimulation by the HSNL neu- 
ron is disassembled in concert with the presy~ 
inapse. If, how are these events coordinated? 


Earlier studies have firmly established roles 
for the ubiquitin-proteasome system in axon 
guidance and synaptogenesis in disparate 
species, Leaning and memory—higher-order 
functions that originate with synaptic plastic~ 
ity—also depend on regulated proteolysis (3). 
Ding et al. have now provided an exciting 
example of how this degradation system can be 
marshaled to control the placement of spe 
synapses in C. elegans. The evolutionary con- 
servation of the components of this mechanism 
suggests that additional work in this genetically 
tractable model organism may reveal funda- 
‘mental secrets of human brain development, 
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OCEANS 


A Change in Circulation? 


John A. Church 


arlier this year, the Intergovernmental 
Er on Climate Change (PCC) 
reported unequivocal evidence that cli- 
‘mate change is happening now (1). One public 
image of climate change is a rapid and dra- 
‘matic collapse ofthe northward flow of warm 
‘water to high latitudes, with possible serious, 
implications for North American and Eu- 
ropean climate, So, has the northward flow of 
warm water changed? How would we know 
it had, and how ean we monitor it in the future’ 
‘A remarkable new observational program has 
begun to address these questions. In this issue, 
Kanzow er al. on page 938 (2) and Cunning- 
ham eral, on page 935 (3) report initial results 
from the program, 
farm water emerges from the Florida 
Strait and flows northward along the east 
coast of America as the Gulf Stream (see the 
figure). After leaving the coast of North 
America, the warm water flows northeastward 
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before it diverges, with some water continuing 
northward beyond Iceland and the remainder 
returning in the broad southward flow of the 
subtropical zyre in the upper kilometer or so 
ofthe ocean. 

Throughout its northward journey, the 
‘warm water loses heat to the atmosphere and 
becomes denser. The colder. denser water 
sinks at high latitudes and retums southward 
at depths of 2 to S km. This northward flow of 
near-surface, warm water and southward flow 
of cold, deep water is known as the North 
Atlantic meridional overturning circulation. 
The northward flow is controlled by a combi- 
nation of surface winds and density gradients, 
with warmer, saltier, lighter water at low lti- 
tudes and colder, fresher. denser water at 
higher latitudes, 

‘Two processes can prevent high-latitude 
Water from sinking: surface warming and 
decreased salinity caused by freshwater runoff 
from rain and meltwater from glaciers and the 
Greenland Ice Sheet. This would disrupt 
the meridional overturning circulation. 
Observations indicate that there has indeed 
been a freshening of the North Atlantic (4). 


‘Measurements with a new observational array 
have revealed surprisingly large variations in 
‘ocean circulation in the North Atlantic, 


Climate change models (5) in which the CO, 
concentrations quadruple over 140 years pro- 
ject a decrease in the meridional overturning 
circulation by 10 to 50% 

Bryden et al.(6) analyzed five sets of ship 
based, full-depth temperature and salinity 
‘measurements across the North Atlantic near 
25°N, completed between 1957 and 2004, 
From these data, they estimated that the over= 
turning circulation had decreased by 30% and 
the northward heat transport decreased by 
over 20%, asa result of an inferred decrease in 
the southward transport of the coldest, densest 
‘water and an increase in southward transport 
of the warmer water in the upper kilometer of 
the ocean, This decrease in the meridional 
overturning circulation is much larger than 
suggested by climate model simulations of the 
20th century, and more akin to the up to 50% 
decrease projected for the end of the 21st cen- 
tury (5. 7). Are the models not responding 
rapidly enough to greenhouse gas changes, ot 
was the observed change—as Bryden ef al. 
‘cautioned —uncomfortably close to the unce 
tainties in previous observational estimates? 

Ina bold new initiative led by the UK 
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sition is very unlikely dur- 
ing the 21st century (6), but 
Verification of these projec 
tions and continuing assess- 
ment of the stability of the 
‘meridional overturning cir- 
culation remains a priority, 
Itremains unclear how 
much the meridional over- 
turning circulation varies 
from year to year. Under 
standing this variability 
will becritical to improving 
models, thus allowing more 
reliable projections of cli- 
mate change. This variabil- 
ity will determine how long 
a record will be required to 
determine a trend in the 
‘meridional overturning 
culation. A recent coupled 
ocean atmosphere model 
study (8) suggests that it 
would take several decades 
of observations to detect 
such a tend. nilarly, 


Effective monitoring. The RAPIDIMOCHA moni- 
toring array, operational since 2004, directly meas- 
tures the transport ofthe Gulf Stream in the Florida 
Strait using an undersea cable (red). A sparse 
moored array along 26°N measures bottom pres: 
sure and water column density at the western and 
‘eastern boundary and on either side of the Mid- 
‘Alantic Ridge; in the lower panel, the array is 
shown in detail for the western boundary. Two arti- 
cles inthis issue (2, 3) report results forthe first 


National Environmental Research Council 
(with support from US. agencies), the 
RAPID/MOCHA (Rapid Climate Change 
Meridional Overtuming Circulation and Heat 
Flux Array) array was deployed in March 2004 
to continuously monitor the meridional over- 
tuming circulation at 26°N. These observations 
‘are a component of a larger set of activities of 
the World Climate Research Programme's 
CLIVAR (Climate Variability and Predict- 
ability) Project to monitor the North Atlantic 
meridional overturning circulation. 
The inexpensive array along 26°N consists 

‘of instruments measuring the Variations in the 
bottom pressure, and temperature and salinity 
(and thus density), throughout the water col- 
umn near the western and eastern boundaries 
and on either side of the Mid-Atlantic Ridge 
(see the figure). These measurements can be 
‘combined to estimate variations in the hori- 
zontal pressure difference between the west- 

j ‘ernand eastern boundary throughout the water 

H 

: 


column, The pressure diflerences are directly 
proportional to variations in the horizontally 
integrated northward flow. The ocean-interior 


year of the aray's operation, 


On time scales of 15 days and longer, the 
sum of transports into the North Atlantic 
should be about zero. Indeed. the observations 
reported by Kanzow et al. indicate that the 
suim varies with a root-mean-square value of 
only 3.4 Sv (1 Sv = 10° ms), slightly larger 
than the expected measurement errors of 2.7 
Sy, thus demonstrating the remarkable effec- 
tiveness of the array. The fact that the observed 
sum varies slightly more than the expected 
measurement errors presumably reflects defi- 
cciencies in the method, such as the unobserved 
flow deeper than the deepest part of the array 
‘and the impact of the Mid-Atlantic Ridge. 
Cunningham etal. reporta year-long aver- 
age meridional overturning circulation of 
18.7 = 5.6 Sv (3), but with large variability 
ranging from 4.4 to 35.3 Sv over the course of 
the year. This range includes all five merid- 
ional overturning circulation values estimated 
from the snapshots analyzed by Bryden et a: 
thus, the apparent long-term decrease 
inferred by these authors may merely be a 
result of lange intra-annual variabi 
Cunningham et al. estimate that they ean 


will take decades of moni- 
toring to determine which 
(ifany) of the models ana- 
lyzed by the IPCC (7) most 
accurately reflects reality. 

The effectiveness and the inexpensive 
nature of the RAPID/MOCHA array should 
allow long-term monitoring of an important 
element of the global climate system, 
Equivalent observational schemes for the 
Southern Ocean limb of the meridional over- 
turning circulation, where decadal wi 
mass changes have also been observed (9), 
remain to be designed. 
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to detect any large abrupt transition of the 
meridional overturning circulation. An assess- 
‘ment of the current generation of climate 
models indicates that such a large abrupt tran- 
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Plant Speciation 


Loren H. Rieseberg??* and John H. Willis? 


Like the formation of animal species, plant speciation is characterized by the evolution of barriers to 
‘genetic exchange between previously interbreeding populations. Prezygotic barriers, which impede 
‘mating or fertilization between species, typically contribute more to total reproductive isolation in plants 
than do postzygotic barriers, in which hybrid offspring are selected against. Adaptive divergence in 
response to ecological factors such as pollinators and habitat commonly drives the evolution of prezygotic 
barriers, but the evolutionary forces responsible for the development of intrinsic postzygotic barriers are 
virtually unknown and frequently result in polymorphism of incompatibility factors within species. 
Polyploid speciation, in which the entire genome is duplicated, is particularly frequent in plants, perhaps 
because polyploid plants often exhibit ecological differentiation, local dispersal, high fecundity, perennial 
life history, and sel-ferttization or asexual reproduction. Finally, species richness in plans is correlated 
with many biological and geohistorical factors, most of which increase ecological opportunities. 


lunts provide extraordinary opportunities 

for studying speciation, Flowering plants 

‘are especially speciose, trailing only 
inseets in named species diversity, Much of this 
diversification has occurred recently, ereating 
spectacular examples of adaptive radiation ankt 
‘of speciation in action (table SI), Plants are 
mostly sessile but vary dramatically in mating 
system, ploidy level, mode of dispersal, and life 
history, aiding efforts to understand the contribu 
tion of various ecological and. evolutionary 
{actors to speciation, 


What Is a Plant Species? 
The definition of a species in plants has been a 
major impediment to botanical studies of speci- 
ation; botanists have often expressed doubt that 
plant species even exist, because of frequent 
reports of interspecific hybrids (/) and because 
phenotypic variation in some plant groups does 
Hot assort readily imo diserete categories (2) 
These concerns were amplified by claims that 
‘gene flow within many plant species was so low 
that populations rather than species were the most 
inclusive reproductive units (2,3) 

Recent work allays these concems. Analyses 
‘of morphometric data from more than 200 plant 
‘genera indicate that diserete clusters of mompho- 
logically similar individuals occur within most 
sexual plant fineages, that these clusters comre- 
spond closely to groups with significant post- 
pollination reproductive isolation, and that 
interspecific hybridization is mot the primary 
‘cause of poorly defined species boundaries (4) 
Molecular population genetic studies imply that 
migration rates within plant species are higher 
than earlier direct estimates and do not differ, on 
average, ffom those of animals (5). Theoret 
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(6) and empirical work further indicates that even 
in species with low gene flows, populations may 
evolve in concert through the spread of a 
‘geo alleles (7) 

Although many plant species are 
gether by gene flow and kept apart fio 
species by reproductive barriers, there are 
tions, For example, some plants reproduce with- 
‘out sex. These asexual taxa are composed of 
clonal hybrid genotypes that fill the phenotypic 
space betwoen their sexual parental species (table 
$1). Because sexual reproduction is infrequent in 
such species itis difficult to discuss their evolu 
tion in terms of sexual isolation and speciation. In 
contrast, selPfertlizing (selfing) species often 
maintain genetic and phenotypic cohesion (4) 
‘because they have higher within-species gene 
flow than previously hypothesized (8), and their 
restricted outcrossing (exchange of pollen be- 
‘sven individuals) impedes interspecific hybrid- 
ization. Reproductive isolation between species 
may be incomplete, however, particularly in 
{groups that have recently undergone multiple 
speciation events or those that have long 
‘generation times. This incomplete isolation may 
result in some gene flow between groups that are 
‘otherwise wellfined species (table SI). 


Reproductive Isolation 
Reprextuctive isolation is not the proximal cause 
‘of diversification; this fs the province of diversi- 
fying selection and genetic drift. However, repro 
ductive isolation can facilitate the accumulation 
of genetic differences between groups of pop- 
ulations, thereby sharpening boundaries between 
‘them and permitting adaptive traits to move clos- 
er to their fitness optima. This does not require 
absolute isolation. Rather, any reduction in the 
effective migration rate facilitates. divergence, 
which reduces effective migration rates even 
further. The resulting feedback loop, given 
‘enough time, usually leads to complete genetic 
isolation. 

Muliple reproductive barriers isolate most 
plant species. These include prepollination bar- 
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Fig. 1. Genetics of hybrid incompatibilities, (A) 
Bample of a typical chromosomal rearrangement 
iin plants, showing loss of fertility in heterozygotes 
because 50% of gametes are unbalanced genet- 
‘ixally and inviable. (B) Classic two-locus BDM 
‘incompatibility in which new mutations are 
established at alternate loci and without loss of 
fitness in geographically isolated populations, but 
which are incompatible in hybrids. (C) Single-locus 
‘BOM incompatibility in which new mutations are 
established at the same locus and without loss of 
fitness in geographically isolated populations, but 
which are incompatible in hybrids. 


riers that limit the transfer of pollen from indi- 
Viduals of one species to stigmas of other spe 
‘Several prepollination barriers —ecogeographic, 
‘mechanical, and temporal —are found in animal 
species, whereas pollinator isolation is exclusive- 
ly associated with plant speciation, Other 
barriers, such as an advantage of i 
pollen in fertilizing ezes. com 
conspecific pollen (conspecific pollen prece- 
dence) and the failure of nonconspecitic pollen 
to feilize eggs (gametic incompatiblities), act 
after pollination but before fertilization, resulting 
in pestpollination, prezygotic isolation. A. final 
set of bariers, also found in animals, act after 
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{enilization: hybrid inviability, sterility, and the 
failure or reduction in successful reproxiuction in 
subsequent generations (hybrid breakdown). 
These postzyotic barrier: may be a by-product 
fof changes in the internal genetic environment 
(intrinsic isolation) or in the extemal ecological 
‘environment (extrinsic isolation), Current chal- 
lenges are to estimate the relative contribution of 
different reproductive barriers in limiting gene 
flow among contemporary populations and to de 
termine the order and speed with which they arose 

Alfelse being equal, carly-acting reproductive 
barriers will contribute more to isolation than kate 
acting barriers (9). For example, the production of 
hybrid seeds in artificial erosses and reductions in 
the fenilty of first-generation hybrids are common 
ly tested in the greenhouse. Cross-compatibility 
data (4) reveals that hybrid fertility reduction is 
the slightly stronger of the wo barriers. However, 
because hybrid seed production acts before re- 
<ductions in fertility, reduced hybrid seed proguc- 
tion actually wouk! be expected to contribute 
about 75% and hybrid sterility just 25% of the 
{otal isolation caused by these two barriers 

Unfortunately, only a few studies provide 
comprehensive estimates of isolation between 
pairs of sibling species (table S1). In these, the 
‘cumulative effects of many reproductive barriers 
ead to almost complete isolation, Early-acting 
reproductive barriers such as ecogeographic, 
pollinator, and mating system isolation are most 
important (able Stand fig. S1}, whereas kate- 
acting postzygotic barriers contribute very lithe 
to isolation. Ecogeographie isolation has long 
been viewed a the most important reproductive 
barrier in plants (10), and its preeminence has 
been confimied by numerous reciprocal trans 
plant studies showing differences in habitat 
preferences among closely related species or 
subspecies (Table 1). Pollinator and mating 
system isolation are les frequent, with the former 
arising when the focal species is. numerically 
dominant but_does not filly use the amay of 
available animal pollinators (12) 

Ie is difficult to determine the onder of r= 
productive barrier evolution, Indirect evidence 
fiom analyses of pattems of reproductive isola- 
tion suguests that prepolination baricrs offen 
aise first. For example, 19% of 1234 interspe- 
cific cross combinations (most from rapidly raki- 
ating lineages isolated by ecological barriers) 
failed to show evidence of eross-ineompatibility 
‘or intrinsic posteygotic isolation (4). Intrinsic 
postzyotic barriers may arise first in polyploid 
species that are intersterile with their diploid 
Progenitors but that fail 10 exhibit ecological 
Uiflerences (lable SI). Likewise, intrinsic post- 
zygotic barriers may sometimes arise before eco- 
logical barriers (other than mating system 
isolation) in selfing species (Table 1). 

‘We know surprisingly little about the speed of 
plant speciation, although studies of contempo- 
rary evolution imply that reproductive barriers 
‘can arise rapidly. For example, grass populations 
exposed to different fenilizer teatments oF to 
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mine tailings exhibit both temporal (lowering 
time) and habitat isolation (sceds transplanted 
between sites have reduced survival) (table SI). 
Interestingly. lowering time divergence is 
‘greatest atthe boundary between habstats in both 
experiments, a patie suggestive of reinforce- 
ment, where selection against unfit hybrids has 
‘enhanced prezygotic isolation. These studies of 
speciation in action ilustrate the plausibility of 
reinforcement and sympatric speciation, both of 
Which are increasingly well supported by theory 
(22) and empirical work (table SI), 

Although individual reproductive barrens can 
arise rapidly, most plant species remain separated 
‘by numerous barriers, which implies that com- 
ppkcte speciation typically requires many thou- 
‘sands of generations. The main exceptions to this 
are hybrid and polyploid speciation. Fully 
isolated polyploid species may arise in one or 
two generations, and diploid or homoploid hy- 
brid species may achieve isolation in as few as 60 
‘generations (/3) 


Genetics of Isolation 

Genetic analyses provide information on the 
rnummbersand kinds of genetic changes underlying 
reproductive barriers, as well as on the evolu- 
tionary forces responsible for ther origin. Studies 


Table 1. Case studies of plant speciation. 


REVI 


of pollinator isolation have shown, for example, 
that major quantitative trait loci (QTLs) some- 
times underlie shifts in the animals that pollinate 
plants (pollination syndrome) (table $1) and 
changes in pollinator preferences in the field 
(Table 1). In contrast, two studies of mating 
system isolation detected many smaller genetic 
changes (lable $1). These different architectures 
‘might be explained by the fact that many in 
mediate pollinator syndromes are maladaptive 
(cg. red flowers lacking a nectar reward are un- 
attractive to both birds and bees) and favor larger 
genetic steps, whereas small increases in selfing 
rates may be favored if inbreeding depression 
costs are not prohibitive (/4). Analyses of the 
direction of QTL effects imply that most tits 
contributing 10 prepolination isolation diverged 
through directional selection; as predicted for 
adaptive phenotypes, QTL elets fr these traits 
are mostly in the same direction as the parental 
differences (15), QTL etlets ae predicted to vary 
in direction (ie, have opposing effects) for traits 
‘not under consistent directional selection (/6). 
Recent genetic analyses of prezyigotic and 
extrinsic postzygotic bamiers associate! with die 
crete habitat ifferences are particulary informative 
because many of the studies have been performed 
inthe fick, This makes it possible 10 estimate the 


Topic Taxa studied Conclusions Ret, 
Reproductive Gili copitata ssp. Local adaptation of interfertile aa) 
isolation capitata and G. ¢. subspecies to different habitats restricts 
5p. chamissonis successful migration and gene flow. 
‘Arctic Drobo Three set-ferttizing morphological 49) 
species each appears to comprise 
‘thousands of cryptic biological species. 
Genetics of ‘Mimulus lewis and Allele increasing petal carotenoid 60) 
‘isolation M. cardinalis concentration reduced bee visitation by 
80%; allele increasing nectar production 
doubled hummingbird visitation, 
Lycopersicon Tomato lines with resistance gene (Cf:2) 61) 
hirsutum and ‘rom L. pimpinelifotium exhibit 
L pimpinelifotium autonecrosis of mature leaves, but no 
autonecrosis observed when 
‘complementary gene (RC3) from 5. 
‘pimpinelifolium also introduced. 
Hybrid and Hetionthus Three diploid species arisen via 2) 
polyploid ‘anomolus, H. hybridization from same two parental 
speciation deserticola, and H. species. Karyotypically divergent 
parodows hybrids colonized extreme habitats 
through selection on transgressive traits 
Fig. 2. 
Brassica napus Chromosomal rearrangement after 63) 
polyploidization responsible for 
flowering time divergence among 
synthetic polyploid lineages. 
Factors Angiosperms ‘Acquisition of nectar spurs in wide a) 
affecting variety of plants correlated with 
species richness increased species diversity. 
Andean Lupinus ‘Most rapid species radiation in plants 6a) 
driven by ecological opportunities 
afforded by uplift of Andes. 
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strength of selection on tratts and QTLs that con- 
tribute to habitat isolation, Studies have shown, for 
‘example that the strength of selection on QTLs 
that contribute to habitat isolation is salient 10 
‘permit speciation in the presence of gene flow, that 
hybrid inviabiity may arise as a by-product of 
habitat selection, and that interspecific hybridiza- 
tion can facilitate the exchange of adaptive alleles 
‘between species (table SI), 

Genetic studies of postpollination, prezyotic 
isolation have focused on the relationship 
between selfincompatibitity (SI) mechanisms, 
hich enforce outerossing in many hermaphno- 
itie plants, and interspecific incompatibility 
This interest stems from carly observations that 
selF-compatible species are more compatible in 
interspecific crosses than are SI species, implying 
that SE may contribute to both intra and inter= 
specific incompatibilities. This was confirmed by 
detection of a QTL for interspecific incom 
patibility that colocalizes with the Sf locus, as 
‘well as observations that crosses between self> 
‘compatible species fil after transformation with 
4 Sl gene from a self-incompatible species (table 
S1), Diversification of genes that contribute to St 
‘appears to result from frequency-dependent 
selection (7) Interestingly, other plant repro 
ductive proteins appear to be under positive 
section as well, including candidates for species- 
specific recognition between polkn and stigmas 
(table SI). 

Intrinsic postzygotic barriers offer special 
challenges to genetic analyses because the phe- 
notypes of interest (hybrid sterility and inv iabil- 
ity) impede genetic study and lack obvious 
candidate genes for functional analyses (soe 
below, however). Intrinsic postzygotic isolation 
Imay be caused by chromosomal rearrangements 
andior changes in genes (Fig. 1). Population 
genetic theory minimizes the importance of 
strongly underdominant chromosornal rearrange- 
rents (those that reduce the fitness of hetero- 
zygotes) because their negative effects on fitness 
should prevent them from becoming established, 
‘except in small, inbred populations. Weakly un- 
derdominant rearrangements. are more easily 
tablished but contribute litle to reproxtuctive 
isolation. In contrast, the Bateson-Dobzhansky- 
Muller (BDM) model accounts for the accumu 
lation of interspecific incompatibilities in wenes 
\without loss of fitness Fig. 1), Briefly, asa lineage 
divenzes, geographically isolated oF neighboring 
allopatric populations may accumulate indepen- 
dent mutations, These mutations are compatible 
\with the ancestral genotype but are incompatible 
when combined. BDM incompatibilties 
ally involve two or more loci, although it is 
theoretically possible for BDM incompatibilities 
to result from the allopatric accumulation of 
independent mutations at single locus (Fig. 1). 

Despite theoretical doubts about their impor- 
tance in speciation, chromosomal rearrangements 
‘often contribute to the sterility of hybrid plants 
(U8, 19), Unlike Drosophila (in which hybrid 
sterility is mostly due to BDM incompatibilities), 
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sterile plant hybrids often recover fenility after 
chromosomal doubling (/') This is expected if 
chromosomal rearrangements are the cause of 
sterility, because chromosomal doubling fur 
nishes an exact homolog for each chromosome, 
wherwas doubling should not affect BDM 
incompatibilties. Microchromosomal rearrange- 
ments such as the gain and loss of duplicate 
{genes are more ffequent than previously sus- 
pected and may lead to hybrid incompatibilities 
With no loss of fitness in the diverging lineages 
(20), Finally, hybrid sterility in plants frequently 
maps to chromosomal rearrangements (2/), 
although whether the cause is chromosomal un- 
derdominance or BDM loci that have aceumu- 
lated within the rearrangements is often unclear 
The reduced recombination associated with 
chromosomal rearrangements can facilitate the 
accumulation of hybrid incompatibilities in these 
regions (/9, 22) or expedite the establishment of 
rearrangements in the first place (23). 

BDM hybrid sterility in plants may be under 
simple or complex genetic control, However, 
fewer loci contribute to hybrid sterility in plants 
than in Drosophila, atx there appears 10 be m0 
ifference in the numbers of pollen (male) venus 
seed (Fema) incompanibilitis, perhaps because 
plants langcly lack differentiated sex chromosomes 
24), In addition, cytoplasmic male sterility 


examples characterized at the molecular level 
(26), CMS phenotypes are rescued by nuclear 
encoded, mitochondriabtangcted genes that re- 
store fertility (A/ genes). With the exception of 
RP from maize, all cloned R/genes are members 
fof the pentatricopeptide repeat gene family 
(PPR), an unusually lange gene family in plants 
(441 genes in Arabidopsis) that controls organ- 
alle gene expression. Although the molecular 
evolution of R/ genes is unknown, they are likely 
to be involved in coevolutionary chases. with 
MS as a result of genetic conflict between 
ytoplasmic and nuclear genes, These evolution- 
ary dynamics may reduce the long-term eft 
tiveness of CMS as a species barier, because the 
same evolutionary forces that cause the spread of 
CMS within species could facilitate the intro- 
ayession of CMS and restorers across. species 
boundaries. 

BDM factors also can cause hybrid weakness 
cor inviability. Hybrid weakness is offen man- 
ifested as necrosis in developing seedlings. or 
adult plant tissue, similar to the phenotype of 
pathogen attacks (27) These observations imply 
that hybrid weakness may result from changes in 
pathogen resistance genes (Table 1), which 
diverge in response to selection pressure exerted 
bby pathogens, More studies are needed to det 
ne the frequency of this mechanism for hybrid 


pies 


Fig. 2. Genetic basis of transgressive segregation showing how segregating hybrids can combine plus 
and minus alleles from parental species, thereby generating extreme phenotypes or adaptations to 


extreme habitats. 


(CMS), which results from an incompatibility 
‘between the plant’s nuclear genome and its cyto- 
plasm, is frequently reported in intra- and inter- 
specific plant hybrids, but not in animal hybrids 
(25). CMS is under frequency-<ependent selec- 
tion in hermaphroxite-bissed populations, which 
predominate in plants, but under strong negative 
selection if there are separate male and female 
sex morphs. CMS is caused by aberrant, 
frequently chimeric, mitochondrial genes in all 


‘weakness in interspecific erasses and to elucidate 
other mechanisms of hybrid inviabilty 

A final emerging diflerence between plants 
and animals (or at least Drovophila) is that most 
BDM incompatibilites characterized in plants 
are polymomphic within species (27-29) (Table 
1). This is consistent with an origin of BDM 
incompatibilities though frequency-dependent 
selection, local adaptation, or drift. However, it 
also implies that BDM_incompatii 
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rarely the cause of speciation in plants, because 
‘they correlate poorly with species boundaries and 
typically make small contributions to total 
isolation, 


Hybrid and Polyploid Speciation 
Although most studies of speciation focus on 
how lineages diverge, speciation is not always 
about divengence, Indeed, a substantial fraction 
‘of speciation events in plants involves the 
reunion of divergent genes and genomes through 
sexual hybridization, There ane two kinds of 
hybrid speciation: homoploid and polyploid 
Homoploid hybrid speciation refers to the origi 

‘of a new hybrid lineage without a change in 
chromosome number, whereas polypoid hybrid 
speciation involves the full duplication of a 
hybrid genome (allopolyploidy). Polyploids not 
‘of hybrid origin are autopolyploids 

Homoploid hybrid speciation is rarer than 
polyploid speciation for wo reasons. First 
homoploid hybrid species have strongly reduced 
fitness in early generation hybrids as selection 
eliminates incomputibitities. In contrast, poly 
ploid species nead not have low fenility during 
inermediate stages. Second, genome duplication 
protects the genetic integrity of newly derived 
Polyploids, but no such barrier prevents. homo- 
ploid hybrids from back-crossing with their 
prarental species. In addition to these biological 
Aiffculies, homoploid hybrid species are teclni- 
cally challenging to detect because they offen lack. 
dignostic features, such as a change in chromo- 
some number. So far, there are 15 20 good! 
‘examples in the literature (30), but more are likely 
tw be discovered with the widespread application 
‘of genomic tools to natura plant populations (37) 

Homoploid hybrid species may become 
reproductively isolated by rapid karyotypic evo 
lution, ecological divergence, and spatial isoka- 
tion of the new hybrid lineage. Simulation 
studies indicate that although strong ecological 
selection promotes hybrid speciation, without 
chromosomal oF spatial isolation the hybrid 
Population forms a steep step in a cline between 
the parental species (32). Karyotypic divergence 
and spatial isolation both reduce the probability 
that hybrid species will be generated but will 
enhance the evolutionary independence of 
hybrid lineages once they arise. 

As hypothesiza, all plant homoploid hybrid 
species are ecologically divenged and exhibit 
some degree of ecogeographic isolation, and 
roughly half have differing karyotypes. (30) 
Most commonly, the hybrid species are adjacent 
toone or both parental species, although there are 
‘examples of long-distance dispersal as well (table 
S1). Some hybrids occupy habitats that are 
intermediate between the parental speci 
‘whereas others have colonized an extreme habit 
bby combining QTLs with effects in the same di- 
rection from both parental species (Table | and 
Fig. 2). Homoploid hybrid species are easily re- 
‘reated in the greenhouse, perhaps explaining why 
‘many are multiply derived in the wild (table S1) 
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In contrast to homoploid hybrid species, 
polyploid species are easily diagnosed because 
‘of chromosome number changes associated with 
‘genome doubling. However, the frequency of 
polyploid speciation remains controversial. 
When there are multiple polyploid species within 
‘4 genus, it is difficult to determine whether there 
‘was a single transition to the new ploidal level 
followed by divergent speciation or whether cach 
polyploid species arose independently. Recent 
model-based estimates (33) assume a single 
{transition to a new ploidal level within a genus 
and provide 3 lower bound of the polyploid 
speciation rate: 2 to 4% in flowering plants and 
7% in fers. This contrasts with Stebbins” (34) 
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Fig. 3. Mechanisms by which polyploids can arise. (A) Somatic 
doubling, in which chromosome number is doubled in vegetative 
tissue that gives rise to reproductive organs. (B) Fusion of 
uunreduced gametes that are produced when cell walls fail to form 
in the final stage of meiosis. (C) A triploid bridge, in which 
Uunreduced and reduced gametes form triploids. If the triploids 
also produce unreduced gametes, the triploid gametes may fuse 
with reduced gametes from diploid individuals to generate stable 


tetraploids. 


«estimate of 30 to 35% for flowering plants, which 
assumes that ll polyploid species within a genus 
are independently derive. Because many poly 
ploid species are themselves multiply derived 
(Table 1), Stebbins” estimate is probably closer to 
the true polyploid speciation rate, However, 
neither of these estimates (33, 34) includes 
intraspecific ploidal variation, At least 8 10 9% 
‘of named plant species vary in ploidal level, and 
this might be the tip of the iceberg (35). If each 
ploidal level (cytotype) is viewed as a cryptic 
biological species, then the contribution of 
polyploidy to biological specics diversity is even 
higher than previously surmised. In addition, 
there has been confusion between estimates of 
the proportion of species that are polyploid and 
the rate of polyploid speciation. Analyses of the 
age distribution of duplicate genes in diverse 
flowering plants (36) indicate that essentially all 
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‘may be paleopolyploids, but this should not be 
‘equated with the polyploid speciation rate, 
Polyploids can arise by somatic doubling, by 
the fusion of unreduced gametes, and by means 
ofa triploid bridge (Fig. 3). Unreduced gametes 
are common in plants and likely represent the 
‘most frequent route to polyploidy (37), However, 
most newly arisen polyploids fl to become 
‘stablished because of meiotic abnormalities and 
for the paucity of appropriate mates (38), The 
stablishment of polyploids is fivored by df 
‘ential niche preference, low dispersal, a selfing or 
asexual mating system, high fecundl 
petwanial life history (39, 40), Niche separation, 
Jow dispersal and selfing inerease the probability 
of suceessfsl matings during 
carly stages of polyploid spe- 
nt; othenvise 


8 


inloid progenitors (40, 4) 
ochasticevents due toa sinall 
number of polyploid colonizers, 
docrease the chance of estab 
lishment, but this barrier is 
minimized by high fecundity 
and a perennial life-history, 
which allows. plants to repro- 
duce at mutiple times over 
16 (39), 

Because intraspecific mat- 
ings are far more common 
than interspecific matings in 
natural populations of plants, 
autopolyploids must arise at a 
much higher rate than allopal- 
yploids (37) However, named. 
species are more likely 0 be 
allopolyploids (42), which im- 
plies that allopolyploids 
more easily established in ni 
ture, easier to find, and/or more 
readily wcognized by taxon 
Yablishment of allo- 
polyploid is favored becaise 
Of eater niche separation 
fiom their diploid progenitors 
(3), and taxonomists appear reluctant to name 
phenotypically eryptic autopolyploid species. 

Recent attention has been given to changes in 
gene expression, genome content, arnt DNA meth= 
‘lation that accompany hybrid and polyploid spe= 
Ciation, but these genomic alterations only rarely 
have been linked to changes in ecology or mating 
system that affect polyploid establishment (Table 1). 
Indeed, many described genomic changes appear 
to be maladaptive by-products of reuniting di- 
‘vengent genomes. However, maladaptive changes 
in gene expression in first-generation interspee 
ic hybrids may be reduced by genome doubli 
and elimination of DNA sequences may help 
restore fenility in polyploids (table SI). 


Factors Affecting Speciation or Extinction Rates 
Recent advances in comparative methods have 
made it possible to identify biological or geo- 
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historical factors affceting speciation or extine- 
tion rates. The most rigorous approach compares 
species richness of multiple sister clades that 
differ in the presence or absence of a given trait 
(4A). A significant association may result from 
either increased speciation or reduced extinction, 
“Traits associated with increased species richness 
in plants include resin canals, nectar spurs, biotic 
pollination, herbaccous growth form, abiotic 
dispersal, increased neutral evolution, bilateral 
symmetry of flowers, twig epiphytism, and 
polyploidy (45) (table St). Many of these exam- 
ples involve biotic interactions, leading to sug- 
{gestions that coevolution may drive speciation in 
many plant groups or that niche space may be 
less constrained in biotic than abiotic interactions 
(46). The most rapid diversification rates in 
plants are associated with ecological opportuni- 
ties created by major geological changes such as 
the uplift of the Andes ce island formatioe (Table 1), 
‘which implies that mechanisms that expand 
niche diversity often inerease species diversifica- 
tion (or reduce extinction). Unfortunately, the 
factors listed above do not filly account for the 
most striking trend in species richness the neg 
ative correlation with latitude—which appears to 
have a pluralistic explanation (47) (table SU). 


Concluding Remarks 

The field of plant speciation isin for an exciting 
decade. The wide availabilty of genomic tools 
and resources for crop and noncrop species, from 
‘green algae to mosses to angiosperms, will ac- 
celerate our understanding of the genetic and 
ecological bases of speciation, These resources 
not only will Facilitate the cloning and functional 
characterization of genes underlying reproduc- 
tive barriers but also will make it possible to 
‘quantity the effects of individual mutations oF 
alleles on reproductive isokition oF fitness in nat- 
Ural populations (Table 1). Likewise, the wide- 
spread application of molecular phylogenetic 
approaches simplifies comparative study. 

We expect to soe rapid progress in each of the 
areas highlighted in our review. For example. 
studies of the geography of scketive sweeps 
should provide an objective method for evaluat 
ing the importance of different kinds of repro 
ductive bariers and geohistorical processes in 
speciation, Our understanding of reproxtuctive 
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isolation will also be enhanced by additional 
field-based estimates of isolation across all life 
history stages. With the cloning of BDM incom- 
patiblities in plants, the next sep is molecular 
Volutionary studies ofthese genes to identify the 
forces that drive their evolution. Finally, compuar- 
ative analyses of the effects of different kinds of 
reproductive barriers on species richness should 
allow us to determine whether reproductive 
barriers themselves increase speciation rates 
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Human Genome Ultraconserved 
Elements Are Ultraselected 


Sol Katzman,** Andrew D. Kern2* Gill Bejerano,2+ Ginger Fewell,? Lucinda Fulton,? 
Richard K. Wilson,? Sofie R. Salama,?“ David Hausster™=*¢ 


expectedly long regions of extremely 
served DNA, known as ultracon- 


U: red elements, were First found by com 


paring the human, mouse, and rat genomes (7). 


rong 


14 seymotng Urner ates 
Brians DAF coute) 


ul 


ry 


Akthough the DAF spectrum of the nonsyn- 
‘onymous sites is consistent with that observed prc- 
viowly, the spectrum forthe ultrconserved site is 
qualitatively different (Fig. 1). Large factions of 


iia 


DAF is likely to show a difference between the 
reference human genome and the reference ge- 
‘nomes of mouse and rat and hence be excluded 
fiom study. Our probability model compensates for 
sich bias (fig. S1), which also applies 10 poly 
morphism studies of other conserved regions. In 
addition, a sepurate analysis shows that our results 
are not influenood by diflerent siregths of linkage 
between sites within the separate classes analyzed 
(©). We can nuke out other regional ext because 
thebases immediately flanking the ultraconserved 
regions have a much lower mean select 
efficient (ig. $3) 

Previous studies have indicated that con- 
served noncoding regions can exhibit selection 
‘coefficients comparable 10 those 
‘of protein-coding regions (7). 
‘Our analysis shows that selee- 
tion in the vertebrate-specific 
Uultraconserved noncoding teins 
js in fact much stronger, These 
data argue that ultraconservedl 
elements are currently, as ell 
as historically, strongly con- 
strained functional elements, 
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for the mean selection coef 
is the fitness parameter. 


Most are non- protein-coding regions, unique 
to vertebrates, and have undergone lite oF no 
evolutionary change since mammal and bint 
ancestors diverged abo lion years ago, 
Many may function as distal enhancers. for 
neighboring developmental genes (2). However, 
the reason for their extreme conservation remains 
a mystery. They cou! be unusually lange patches 
Of sites under Weak levels of negative selection 
(3.4) or simply mutational cokl spots. 

‘We measured the derived (new) allele equen- 
cy (DAF) spectrum for the sezregating human 
polymomphissns in the uliriconserved regions. It 
markedly shifted toward rare derived alleles, as 
is characteristic of regions under negative selection 
in which introduced mutations are unlikely to 
spread to high frequencies within populations 

We analyzed genomic DNA sequences in 
72 individuals (a mixture of European Amer- 


icans and African Americans) spanning 315 of 


the ultraconserved elements and found 134 
segregating sites. We compared the DAFs for 
these sites with those in 314 segregating non- 
‘Synonymous sites in 211 genes obtained from 
47 individuals of similar background available 
from the SeattleSNPs consortium (5), 
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come ate rey OAM eet 98 
Fig. 1. Ultraconserved elements are under stronger selection than protein-coding regions. (Left and center) Histo- 
‘grams of the derived allele frequency counts for segregating sites in the indicated categories. In each histogram the fist 4 
bar, corresponding to singleton heterozygotes (DAF count = 2), fs truncated. (Right) The Bayesian posterior distributions 
ant. The x axis is given in units of «= 2M,s, where W, is the effective population size ands > 


both the seweyating ubraconserved sites (55%) 
and the nonsynonymes site (41%) are present in 
‘only one allele in one sample, However, only 3% 
of the segregating ulraconserved sites exhibit 
DAFs of more than 25%, compared with 14% of 
the sogreyating nonsynonymous sites (* P? vale 
(of 0.002), even aller perfeming a nomlization 
2 common sample sia: of 80 chromosomes (6) 

To eatimane the distribution of sckxtion coef- 
cients from these DAF spectra, we applied a hierar 
chical Bayesian mod in which the mcanselcticn 
coctlicient fora set of buses is a random variable 
whose distribution we estimate via Marken chain 
Mente Carlo (MCMC) methods (6), Negative val 
ves imply that drived alleles are deleterious. A 
comparison of the posterior distributions (Fig. 1) 
shows thatthe ultaconserved sites are, on average, 
under purifying selection that isthe times greater 
than that acting on nonsynonymous sites The 95% 
credible intervals do not overt tall. 

Such estimates ar subject to ascertainment bis, 
both inthe section of sewrezating sis (a bias we 
avoid by completly resoquencing the erie n- 
‘sion) and implicit in the definition of the ult 
consval regions thmsches. A region of the 
genome conbining a segngating site with high 
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Effects of Aneuploidy on Cellular 
Physiology and Cell Division in 


Haploid Yeast 


Eduardo M. Torres,” Tanya Sokolsky,”* Cheryl M. Tucker, Leon Y. Chan, Monica Boselli,” 


‘Maitreya }. Dunham,” Angelika Amon*} 


‘Aneuploidy is a condition frequently found in tumor cells, but its effect on cellular physiology is not 
known, We have characterized one aspect of aneuploidy: the gain of extra chromosomes. We created & 
collection of haploid yeast strains that each bear an extra copy of one or more of almost all of the yeast 
‘chromosomes. Their characterization revealed that aneuploid strains share a number of phenotypes, 
including defects in cell cycle progression, increased glucose uptake, and increased sensitivity to 
conditions interfering with protein synthesis and protein folding, These phenotypes were observed only 
in strains carrying additional yeast genes. which indicates that they reflect the consequences of 
‘additional protein production as well as the resulting imbalances in cellular protein composition. We 
conclude that aneuploidy causes not only a proliferative disadvantage but also a set of phenotypes that 
is independent of the identity ofthe individual extra chromosomes, 


hie cell division cycle is a highly con- 
I trolled process that generates two daugh- 
ter cells of identical genetic: makeup. 
Surveillance mechanisms known as checkpoints 
‘ensure that this process occurs with high fidelity 
However, despite these surveillance mecha- 
nisms, chromosome missegreyation occurs once 
‘every $ * 10% cell divisions in yeast (/) and on 
sha onder of'ono every 10% to 10? divisions fi 
mammalian cells (2), producing a condition 
known as aneuploidy 
More than a century ago, aneuploidy was 
postulated to be a common characteristic of can 
cer cells (3). Since then, it has been proposed that 
ancuploidy contributes to tumorigenesis by pro- 
Viding a mechanism by which oncogenes are 
tuned oF tumor suppressor genes are lost (4) 
Studies examining the efleets of ancuploidy on 
cell proliferation in Schizosuccharemyces pombe 
(5) and Drosophila (6) and the effets of trisomy 
‘on eall proliferation in humans (7) sugest that 
ancuploidy can also interfere with cell prolifer 
tion, To address how aneuploidy affects the pro 
liferation and physiology of nomnal cell, we 
generated a in which each 


most all ofthe yeast chromosomes. Their charac 
terization represents a comprehensive analysis of 
the efleets of ancuploidy on cellular physiology. 
We found that in addition 10 chromosome- 
Phenotypes, aneuploid strains share a 
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number of tats, pointing toward the existence of 
a general cellular response to ancuploidy. 

Generation of aneuploid yeast strains, To 
create yeast cells thst contain an additional chro- 
mosome, we usa a chromosome transfer strate- 
gy. During mating, if one of the mating partners 
lacks the karyogamy gene KAR/, nuclear fusion 
does riot occu nui- 
Vidual chromosomes are transferred. from one 
nucleus to the other during these abortive matings 
(8.9 When the two mating partners carry 
different selectable markers atthe same genomic 
Jocation, these rare chromosome transfers can be 
selected for (ig. SI). Using this technique, we 
generated 13 of the 16 possible disomic sta 
(tables St and S2) (/0), 

‘To ensure that strains with the comect marker 
combination were indeed disomic for the enti 
chromosome, we performed comparative ge- 
nomic hybridization, which allows for the quan- 

fication of gene copy number on a wenome-wide 
scale. This analysis also revealed that some of 
the strains obtained from the chromosome trans- 
fer procedure carried one or two extra chromo- 
‘somes in addition to the one we selected for (fig 
2A), Although the second chromosome cannot 
bbe selected for, these strains were karyotypically 
stable enough to conduct a phenotypic charac 
terization. 

Aneuploidy causes a transcriptional re- 
sponse. To characterize the effects of ancu- 
ploidy on gene expression, we grew each 
“ancuploid yeast strain to mid-log phase in batch 
‘culture and measured genome-wide gene expres- 
sion relative to the wikt-type strain with the use 
of DNA microarrays. An approximate doubling 
‘of gene expression was observed along the entire 
length of the disomic chromosomes, indicating 
that most if not all genes are expressed propor 
tionally to the number of DNA copies in the cell 


(Fig. 1A), A similar result has been reported for a 
smaller data set (11). 

To reveal more subtle correlations masked by 
the strong chromosome-specific signals (Hig 
S3A), we applied a clustering program that al- 
Jows the assignment ofa reduced weight to genes 
«en disomic chromosomes (/0) (Fig. 1B). This anal- 
ysis showed that many ancuploid yeast strains 
Particularly strains disomic for chromosomes 
IV, XIII, XV, and XVI and strains with multiple 
extra chromosomes—exhibited a zene expression 
signature characteristic of the yeast environ- 
mental stress response (ESR), Of the 870 genes 
identified by Gasch ef al, to constitute the ESR 
luster, 615 also showed the same transcriptional 
change in yeast strains with additional chromo- 
somes (Fig, 1B) (/2). These sume expression 
changes are also observed in yeast strains grow- 
ing at slower grovth rates (/3), Mutants defective 
in ell proliferation, sich as temperature-sensitive 
cade28-4 or cle23-1 grown atthe permissive tem- 
perature (cde28-4 mutants exhibit a Gy, dela 

J mutants exhibit a metaphase dekiy), also 
exhibited some of the same changes in gene ex- 
pression (Fig. 1B), raising the porsibility that de- 
fects in cell proliferation could also cause this 
transcriptional response, 

All aneuploid. strains that we examined 
proliferated more slowly than did wild-type cells 
(ig. S4, A, BF, and G), Gene expression 
fratlems that are linked to growth rates 
‘mask gene expression patterns com 
ancuploid strains. To eliminate dil 
‘gene expression caused by differences in doub- 
ing time, we grew all ancuploid strains and the 
wild type at the same growth rate in the el 
‘mostat under conditions where phosphate was 
limiting. Because the set doubling time of ~6 
‘hours was longer than the doubling tine of each 
ssrain in batch growth, al strains grew atthe same 
rate. When cells reached steady state, samples for 
zene expression were harvested for microarray 
analysis. Slow-growing strains carrying the 
cale28-4 and ede23-1 mutations were also grown 
under the same conditions. The gene expression 
changes that correlated with growth rate differ- 
ences were not present in any of the chemostat- 
grown simples. The rem We expression 
changes inclided a transcription pattem shared 
by most of the aneuploid strains and not 
detectable oF not present in exponentially grow- 


ing cultures, norin wikbaype cells orade28-4 and 
cade23-1 mutants grown in the chemostat under 
pphosphate-imiting conditions (Pig. 1C and fig. 


S3B) 

OF the 4963 genes whose expression change 
‘was greater than the control threshold (factor of 
1.3) in at least one strain, 397 genes showed 
changed expression in 10 or more of the 14 
ancuploid strains, We used the program GO Tem 
Finder, available from the Saccharomves 
‘nome Database (74), to identify the functional 
categories enriched in each gene set. The group 
that showed increased expression was enriched 
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in ribosomal biogenesis genes, particularly those 
related to ribosomal RNA processing (Fig. 1D 
and table 4). Genes with annotations related to 
nucleic acid metabolism were abo enriched 
(table $4). The more variable set of genes whose 
‘expression was decreased was enriched for genes 
involved in carbohydrate metabolism (Fig. 1D 
and table $4), We conclude that ancuploid 
strains, when normalized for growth rate in 
pphosphate-limited chemostats, are somehow per- 
turbed with respect to ribosomal biogenesis and 
‘energy production. 

‘Most aneuploid yeast strains exhibit a Gy 
delay. To determine how aneuploidy affects 
cell physiology, we characterized the prolifera- 
tion properties of strains earrying one or several 
extra chromosomes, The doubling time and cell 
size were slightly increased in most ancuploid 
strains in complete medium [yeast extract, pep- 
tone, and dextrose (YPD); fig. S4A] and synthet- 
ie medium that selects for the presence of the 
disome (-HisG418; fig. S4B), Even disomic 
strains that dil not exhibit a protiferation delay, 
such as cells disomic for chromosomes Tor I 
showed decreased proliferative capacity relative 
to wild-type cells when the strains were cocul 
tured (lig. S4, F and G), Furthermore, some of the 
ancuploids, such as strains disomic for chromo 
‘somes IV, XI, oF XII, also exhibited poor viabil- 
ity as judged by their inability to form colonies 
‘on plates (ig. SAE). The proliferative disadvan- 
tage and increase in cell size were also observed 
in diploid cells canying an extra chromosome 
(fig. SA, C and D), indicating that the gain of an 
extra chromosome interferes with cell protifera- 
tion of both haploid and diploid cells. Thus, eon 
trary to what we would have expected! from studies 
‘on cancer cells, where aneuploidy is thought to 
briny about a profiferative advantage (4), anew 
ploidy causes a prof irative disadvantage in yeast 

‘To determine in which stage of the cell eycke 
the aneuploid yeast strains were delayed, we ex- 
amined cell eyele progression after release from a 
pheromone-inducad Gy, phase amest. Entry into 
the cell eyes, as judged by bud formation (Fig. 
2A)anxl DNA replication (Fig. 2B), was delayed 
in 16 of 20 ancuploid strains. With the exception 
‘of cells disomic for chromosomes I I, V. oF IX. 
all ancuploid strains exhibited a delay in entry 
into the cell eyele (fig. S$ and table S1), with 
most strains (Jisome VII, X, XI, XU, XU, XIV, 
VHX, VII XY, and XI-XY strains) showing a 
delay ranging from 10 t0 20 min. Cells disomic 
{or multiple chromosomes (disome V+ VII, 
XIV, XI-XVI and 1° VI-XI strains), as well as 
cells disomic for chromosome IV or XVI, 
exhibited a Gy delay of 25 min or more. 
Aneuploids exhibited few other cell eycle delays. 
‘The metaphas a tion was 
delayed in only 2 of the 20 ancuploid strains 
(ig, SS and table S1), and only 7 of 20 exhibited 
delay in entry into mitosis (as determined by a 
delayed appearance of cells with metaphase 
spindles) (Fig. 2C, table Si, and fig. SS). We 
‘conclude that most aneuploid strains are delayet 
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in Gy phase. In general, the delay appears to be 
larger in strains carrying an extra copy of a lange 
chromosome or extra copics of multiple chromo- 
somes (fig. S6), which suggests that the amount 
of additional yeast DNA may contribute to 
determining the length of the G, delay 

‘The mokcular events underlying the Gy 10 S 
phase transition are well characterized in S. 
cerevisiae. The cyclin-dependent kinase (CDK) 
C428 associated with the eyelin Cln3 inhibits 
WhiS, an inhibitor of the transcription factor 
complex SBF (/5, 16). SBF in tum induces the 
transcription of genes encoding two other 
ins, CLN/ and CLN2. which, when 

ompkexed with Cdc28, promote entry into the 
cell eycle (17), We analyzed the abundance of 
CLN2 RNA and Cla2 protcin in strains disomic 
for chromosomes IV, XII, or VIII"XIV. Accu- 
mulation of CLN2 RNA and Cln2 protein was 
‘delayed and paralleled the delay in bud formation 
and DNA replication (Fig. 2, D and E). Our 
results indicate that in the strains that we ana 
lyzed, ancuploidy interferes with the Gy to S 
‘phase transition upstream of CLN? transcription 
How the presence of additional yeast chromo- 
‘somes prevents Cin2 accumulation remains to be 
determined. CIn3-CDKs promote CLN? accu- 
mulation and are the target of events such a cell 
‘growth that control the Gy to S phase transition 
U8, 19), Thus, the presence of extra chromo- 
somes might affect CIn3-CDK function 

‘Aneuploids exhibit increased glucose 
uptake. To further investigate the effects of 
aneuploidy on cell proliferation, we examined 
the Kinetics with which aneuploid cells emer 
stationary phase. Most aneuploids reached satu- 
ration at a smaller population size [as measured 
‘by optical density at 600 nm (Dien) (Fig. 3. A 
and B) and lost viability upon prolonged cul 
turing in stationary phase (Fig. 3C). In general, 
the maximum ODyoo was lower in strains earry- 
ing two copies of lange chromosomes or two 
copies of multiple chromosomes (Fig. 3. A and 
B), Thus, biomass accumulation appears to be 
inversely correlated with the amount of addition- 
al yeast DNA present in the ancuploid strains and 
the severity of their proliferation defects. 

To determine whether the lower ODgan at 
\Which ancuploids enter stationary phase was due 
10 mutrient depletion, we simultaneously mea- 
sured glucose uptake and accumulation of bio- 
‘mass. This comparison revealed that wikbtype 
cells generated more biomass per internalized 
glucose molecule than did aneuploid cells. 
Whereas wiltype cells reached cell densities 
of OD = 9, having taken up 75% of the 
‘#lucose in the medium, cells disomic for chromo- 
some IV only reached a cell density of ODgo of 
less than 4 (Fig. 30). The increase in glucose 
‘uptake correlated with the severity of the cell 
cycle delay, wit strains with a shoner doubling 
time accumulating more biomass per glucose 
mokkeule (Fig. 3E). 

Consistent with the idea that ancuploids take 
up more glucose, we observed that the gene loci 
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encoding the high-affinity glucose transporters 
Hixi6 and HAt7 were amplified (Jig. $2B) and 
‘more highly expressed (Fig. | and fig, S2B) in 
‘most of the ancuploid strains we generated (1 
42). Strains that did not show this amplificati 
and increased expression were those that carried 
an extra copy of chromosome VIL, which carries 
three genes encoding other high-affinity glucose 
transporters. Together with the microarray ex- 
periments indicating changes in gene expression 
relating to carbohydrate metabolism, our results 
siggest that ancuploids require more carbohy- 
ddrates or energy (or both) for cell survival and 
proliferation than do wikl-ype cells. 

Most genes on the aneuploids’ extra 
chromosomes are expressed. Why would 
ancuploids need additional glucose? Because an 
‘stimated 60 to 900% of the intracellular ehemical 
nergy is devoted to protein production (20), we 
hypothesized that macromolecule biosynthesis 
from the additional chromosome present in 
ancuploid strains could be one reason, Indewd, 
‘our expression profile analysis of aneuploid 
showed that most genes present on the additional 
chromosomes were transcribed: 93% of genes 
carried on the chromosome that was present in 
‘0 copies were overexpressed by a factor of at 
least 1.3 over the wild type, and expression of 
3% of genes went up by a factor of 1.5 or more 
(Fig. 1, A and ©), To detemine whether the 
transcripts produced from the extra chromosomes 
‘were also translated, we measured the amounts of 
1 small number of proteins, The amounts of 
Axps, Tep1 anid Cde28 protein were increased in 
strains disomic for the chromosomes containing 
the zones encoding these proteins (Fig. 4), Our 
results suggest that at least some of the genes 
present on the additional chromosomes are nit 
only transcribed but also translated. 

Interestingly, most of the proteins (13 of 16) 
that we analyzed showed no change in aby 
dance, even though the amount of transctipt 
increased in accordance with the increase in zene 
copy number (Fig. 44 and fig. $7) With the 
exception of Leb and Fey! (for which it is not 
known whether they are components of protein 
complexes), all 13 proteins analyzed are compo 
nents of protein complexes. Rysl is a component 
of the replication machinery, Mrel1 of the RMX 
complex, Rpx2 and Rpl32 of the ribosome, Rpt 
of the proteasome, Nop! of the nucleolus, his- 
tone H3 of the nucleosome, Yal9 and Eaf3 of the 
NuA4 histone H4 acetyltransterase comph 
and Elp3 of the elongator complex. ‘The 
findings indicate that many proteins synthesized 
from the additional chromosomes are either not 
translated of, more likely, degraded shortly after 
synthesis (27). 

Consistent with the idea that increased prot 
degradation occurs in aneuploid yeast strains, the 
proliferation of a number of aneuploid strains (IV, 
XiIL, XIIL, XIV, and XVP was inhibited by con- 
centrations of the proteasome inhibitor MG 132 at 
which wikltype cells grow, as judged by their 
ability to form colonies on plates containing the 
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Fig. 1. Effects of aneuploidy on gene expression. (A) Gene expression of wild-type and aneuploid strains 
‘grown in batch cultures, ordered by chromosome position. Experiments (columns) are ordered by the 
numberof the chromosome that is present in two copies. The expression patterns of aneuploid stains were 
‘compared to those of wild-type cells (A131) grown under the same conditions. Data were renormalized to 
‘account forthe disome. The arrow points tothe genomic location of HXT6 and HAXT7. The data are provided 
in table $5. Strain order [note that the number after each strain number denotes the experiment number; 
the same nomenclature is used in (B): A11311 #1, A131 #2, AL1311 #3, AL1311 #4, A12683 #1, 
‘812683 #2, A6863 #1, A6B63 #2, A12685 #1, A1Z685 #2, ASSES #1, A6BBS #2, A126B7 #1, AL2687 #2, 
‘A14479 #11, A13628 #1, A13628 #2, AL5615 #1, A15615 #2, A13975 #1, AL3975 #2, A12689 #1, 
‘812689 #2, A6869 #1, A869 #2, A13771 #1, A13771 #2, AL2691 #1, A12691 #2, A12699 #1, A12699 
#2, 012693 #1, ALZ693 #2, A1269S #1, A12695 #2, A13979 #1, AL3I79 #2, A12697 #1, A12697 #2, 
‘812700 #1, A12700 #2. (B) Hierarchically clustered gene expression data obtained from strains grown in 
batch cultures, Data from (A) were fitered for genes changing by a factor of >1.8 on at least two arrays. 
Genes present on chromosomes in two copies were downmeighted and all data were clustered using the 
program WCluster. Clustering with all genes weighted equally is shown in fig. S3A. Gene expression for 
Strains, ordered by increasing doubting time, carrying a edc15-2, cdc28-4, or cdc23-1 mutation compared to 
a matched wild type (A2587) grown at 23°C is shown adjacent to the main cluster. The columns labeled WT 
are biological replicates, Note that cdc15-2 mutants do not show the ESR expression profile, which & 
‘consistent with the fact that cdc25-2 mutants show only a slight proliferation defect at 23°C. Green and red 
bars correspond to putative clusters associated with ESR or growth rate that are down- and up-regulated, 
respectively. Replicates for each strain were more related to each other than to any other strains, indicating 
that the expression arrays were highly reproducible. Stain order: A11311 #4, A12685 #2, A12685 #1, 
‘812683 #2, AL26B3 #1, A12689 #2, A12689 #1, AGB6S #2, AGBOS #1, A12699 #2, A12699 #1, A1Z700 
#2, W12700 #1, AL26B7 #2, A12687 M1, A12695 #2, ALZ695 #1, AL2691 #2, A12691 #1, A12697 #2, 
‘812697 #1, A14479 #1, A13979 #2, AL3979 #1, A1S615 #2, A1S615 #1, AL3975 #2, A13975 #1, 
‘N13771 #2, A13771 #1, A12693 #2, A12693 #1, A13628 #2, A13626 #1, ALL311 #3, AL1311 #2, A6869 
#2, R6B69 #1, A6B63 #2, AGB63 #1, ALL311 #1, A2596, A2S94, A755. (C) Hiesarchically clustered gene 
‘expression data obtained from strains grown in a chemastat under phosphate-imiting conditions. The 
‘expression patterns of aneuploid strains were compared to wild-type cells (A1131)) grown under the same 
conditions. Data were renormalized, filtered for genes changing by at least a factor of 1.3 in at least one 
‘experiment, and clustered with genes present on chromosomes present in two copies downweighted. 
Clustering with all genes weighted equally & shown in fig. 538, Gene expression for strains carrying 3 
cde15-2 (42596), cde28-4 (A2594), oF cdc23-1 (A7SS) mutation as compared to a matched wild type 
(42587) grown at 23°C is shown adjacent to the main cluster. Green and red bars indate putative common 
transcriptional responses that are down- and up-regulated in aneuploid strains, respectively. The data are 
provided in table 55, Strain order: A12697, A12695, A12689, A12699, A13771, A13628, AL4479, 
‘812693, A13979, AL2687, A13975, A12700, A12685, A12683, A11311, A2596, A2594, A755. (D) Pie- 
chart representation of genes changing expression significantly in at least 10 of 14 disomic strains grown 
tunder phosphate-timiting conditions grouped by GO terms. Full GO results, incluxing genes annotated to 
‘each term, can be found in table $4, 


drug (Fig. 4F; note that strains with multiple 
additional chromosomes could not be tested 
because of the need to delete PDRS to test the 
cefcets of MG132) (22, 23). Furthermore, prolif 
ceration ofall ancuploid strains was hampered by 


ery, we examined the ability of aneuploid strains 
to grow under conditions that interfere with tra 
scription, protein synthesis, and protcin folding. 
Proliferation of all ancuploids, with the exception 
of strains disomic for chromosomes I. X. or XIV. 


the protein synthesis inhibitor cycloheximide 
(Fiz. 4C), which can be a sign of ubiquitin de 
pion (24). Several proteins such as cetubulin and 
histones, which are components of multiprotcin 
ccomplenes, are degraded if they are overexpressed 
‘or their binding partners are missing (25, 26). Such 
‘a mechanism might reyulate the amounts of the 
proveins that did not increase in abundance, in 
accordance with gene dosage in the aneuploid 
strains. Thus, transcription, translation, and 
degradation of proteins produced from the 
additional chromosomes present in ancuploids 
contribute to the inereased glucose uptake of 

Proliferation of aneuploids is inhibited by 
protein synthesis inhibitors and high temper- 
ature. To determine whether the synthesis of 
proteins ffom the additional chromosomes and 
their presence in the cell represents an increased 
‘burden on the cell's protein production machin- 
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‘was inhibited by a high (20 yw'ml) concentration 
of the RNA polymerase inhibitor thiolutin (Fig 

4B). At low concentrations of the RNA poly- 
merase inhibitor (S in! to 1S jug'm)), profifer- 
ation of only a subset of strains was impaired (fig 

SSH). However, all ancuploid strains showed 
decreased proliferation when exposed to the pro- 
{cin synthesis inhibitor cycloheximide at concen- 
trations of 0.1 and 0.2 jem, and proliferation 
‘of most strains was impaired ata concentration of 
0.05 g/ml (Fig. 4C). With the exception of 
strains disomic for chromesomes I, I, or 1X, 
ancuploid strains also showed increased sensitiv- 
ity tothe protein synthesis inhibitors hygromycin 
and rapamycin (Fig. 4D: cells disomic for chro- 
mosome X were not sensitive 10 rapamycin, 
pethaps because TORI is located on this chro- 
mosome). The proliferation-inhibitory effects of 
[protein synthesis inhibitors on ancuploids. was 
not a consequence of the proliferation defect of 
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ancuplois because ale.28-4 and ole23-1 mutants, 
‘which are severely impaired in cell division even 
did not exhibit increased sensitivity to 
ycloheximide or rapamycin (Fig. 4, C and D) 
Proliferation of ancuploids was also de- 
creased under conditions that fed to the accurnu- 
lation of unfolded proteins, All strains carrying 
a extra chromosome, withthe exception of ee 
disomic for chromosome 1, showed impaired 
proliferation at increased temperatures (37° 
) and were modestly sensitive to the 
Hsp90 inhibitor geldanamycin (except cells 
disomic for chromosome 4F). 
Ancuploids did not exhibit increased sen: 
tivity 10 any toxic agents. Ancuploids formed 
colonies as well as did wild-type cells on me- 
dium containing the DNA replication inhibitor 
hydroxyurea (fig, S8B) or medium containing 
the profine analog azetidine 2-carboxylic ac 
(AZC: fig. SSE) oF G-azauuracil (AZA: fig. SSD, 
‘which interferes with uridine triphosphate and 
‘guanosine triphosphate biosynthesis, None of the 
ancuploids showed altered proliferation in the 
presence of the autophagy inhibitor chloroqui 
(fig. SSD) oF hydrogen peroxide (Hig. SSG), 
Strains were also respiration-proficient as judy 
by their ability 10 grow on the nonfermentable 
carbon source glycerol (fig. SS, C and 1) and did 
not exhibit increased sensitivity 10 the FIFO 
adenosine triphosphate synthase inhibitor oligo- 
mycin (fig. S81). About half of the aneuploid 
sirains analy ed exhibited increased sensitivity 10 
the microtubule-lepolymerizing drug benomyl 
(ig. SSF), the basis of which waranty further 
investigation. Our results indicate that the prot 
ration of ancuploid strains is specifically impaired 
‘under conditions interfering with transcription, 
translation, and protein fob 
The phenotypes shared by aneuploid yeast 
strains are due to the presence of additional 
yeast genes. The phenotypes shared by ane 
ploids might result from the mere presence of 
additional DNA of from the RNAs and proteins 
synthesized fiom these chromosomes. Thus, we 
tested the effects nn yeast atiticial chro- 
amosomes (YACS) containing human or mouse 
DNA inserts ranging from ~380 kb to 1.6 Mb in 
size (table S3). Although we cannot exclude the 
possibility that some transcription and transta- 
tion occurs from the mammalian DNA in yeast, 
the YACs do not produce yeast proteins, and it 
is highly likely that the amount of transcription 
and translation from the YACs is less than that 
cccurring from yeast chromosomes, which are 
densely packed with mostly intronless genes, 
‘The gene expression profile shared by ancu- 
ploid strains grown under phosphate-limiting 
chemostat conditions was also observed 
YAC-carrying strains (Fig. SA), which suze 
that the mere presence of extra DNA is mai 
responsible for this gene expression pattem, The 
other phenotypes observed in ancuploids w 
rot shared by the YAC-bearing strains. With the 
exception of a minor ($ min) delay observed 
cells carrying the largest YAC (YAC-1: 1.6 Mb), 
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none of the YAC-bearing strains exhibited delays 
in entry into the cell cycle (Fig. $C). Nor was 
progression through other cell cycle stages 
affected, as judged by DNA content analysis 
(Fig. SD), Furthermore, YAC-bearing strains did 
hot exhibit increased sensitivity to thiolutin, 
cycloheximide, rapamycin, or high temperature 
(Fig, 5B). Curiously, the strain bearing the largest 
YAC exhibited increased sensitivity to hygn- 
mycin, the basis of which is at present unclear. 
We conclude that at least two aspects of aneu- 
ploidy may contribute to the phenotypes shined 
by ancuploid strains: (i) The expression signa- 
ture shared by ancuploid strains appears to be 
elicited by the presence of extra DNA, and (i) 
the cell eyele delays and proliferation defects 
under conditions interfering with protein syn~ 
thesis and folding are in large part duc 40 yeast 
Transcripts and yeast proteins generated from 
extra chromosomes, 

Discussion, Our analysis of aneuploid yeast 
strains was, by virtue of the way they were iso- 
lated, limited to ancuploid strains that are viable. 
‘Thus, most strains we characterized contained 
‘one additional chromosome, a few carticd 10, 
and one carried three, Strains with many addi- 
tional chromosomes were not obtained, likely 
because they are inviable. The characterization 0 
the 20 viable ancuploids that we analyzed none 
theless revealed that in addition to phenotypes 
that-are chromosome-specitic (for example, 
several ancuploid strains exhibit cell eyele defects 
in addition to the Gy delay observed in most 
strains), these strains share several phenotypes 

Diploid yeast cells donot exhibit the pheno 
types shared by the aneuploid strains we ana- 
lyzed (figs, SA and SSA), This result shows that 
the duplication of the entire genome is not nearly 
‘as deleterious as the duplication of a subset of 
chromosomes: moreover, it indicates that the weo- 
homie imbalance that results fom aneuploidy is 
responsible forthe phenotypes we observed. The 
finding that the severity ofthe phenotypes shared 
by aneuploids is zenerally wreater in strains dso 
mie for lange oF muliple chromosomes supports 
this idea. Our data further suggest that an increase 
in ploidy butlers the detrimental effects of the 
imbalances caused by aneuploidy. The pheno- 
types shared by ancuploids were generally less 
severe in trisomic than in disomic cells 

Our analysis of strains carrying YACS with 
mammalian DNA inserts suggests that most 
phenotypes common to ancuploids are caused 
by the additional yeast gene products. Only the 
_gene expression pattem of aneuphoids observed 
under iting conditions is also seen 
wring strains, which suggests that 
mere presence of extra DNA elicits this gene 
expression response, The cell eycle delay and 
impaired proliferation in the presence of tran- 
scription antagonists, translation inhibitors, or 
high temperatures: were not observed in YAC- 
bearing strains. Most of the phenotypes shared by 
aneuploids—such as the increase in glacose 
uptake, the gene expression pattem observed in 
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logarithmically growing cells, impaired prolifer- 
ation in the presence of proteasome inhibitors, 
and Gy delay—appear to correlate with the num- 
ber of additional yeast genes. In the case oF other 
phenotypes, suck as increased sensitivity to pro- 
{cin synthesis inhibitors and conditions requiring 
increased protein folding activity, the correla 


tion is not as striking. These findings, together 
‘with the observation that disomy for the small 
chromosome VI is Iethal (10), indicate that the 
total amount of additional RNA and prot 
produced by ancuploids, the eellular imbalances 
caused by these extra proteins, and specific gene 
products present on individual chromosomes all 
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Fig. 2. Delay in G, of the cell cycle in aneuploid cells. Wild-type cells (A11312), cells disomic for 
chromosome IV (A12687), disomic for chromosome Xill (A12695), and disomic for chromosomes 
Vill and XIV (A15615), all carrying a CLN2-HA fusion with the exception of strain A15615, were 
arrested in G, with «-factor pheromone and released from the block as described (10). Samples 
were taken at indicated times to determine the percentage of budded cells (A), DNA content (B), 
the percentage of cells with metaphase and anaphase spindles (O), and the amount of CLN2 RNA 
(D) and Cin2 protein (E). ACTZ was used as a loading control in Northern blots (D). Pgk1 was used 
4 loading control in Western blots (E). In strain A15615, we only examined CLN2 RNA levels 
because chromosome XIV is not marked in this strain and we were therefore not able to select for 
the presence of two copies of this chromosome when introducing the Cln2-HA allele. 
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likely contribute to the phenotypes shared by 
aneuploid. 

Striking among the phenotypes shared by 
aneuploid yeast strains are those indicative of 
protein degradation and folding distress. These 
‘observations suggest that proteins synthesized 
from the additional chromosomes disrupt cellular 
Physiology, interfering with metabolic pathways 
and other basic cellular processes. We propose 
thatthe cell responds to this state of imbalance in 
‘4-multilayered fashion not dissimilar to that of 3 
stress response, The cell's attempt to restore wilde 
type physiology is reflected by the fact that al- 
though most genes present on the additional 
chromosomes are transcribed, the amounts of 


many proteins are not increased. The decrease in 
biomass produced per ghicose molecule may be 
is being used to 
degrade proteins and induos mechanisms that 
shield the cell from the effects of excess 
proteins or compensate for their effects. Even 
the delay in Gy might be a reflection of basic 
cellular pathways (such as growth) being slowed 
down. 


additional chromosomes. Prolife 
types of cells is impaied in the presence 
[protein synthesis inhibitors (27) and geldanamy- 
cin (28), and both exhibit increased glucose 
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uptake (29), These parallels between tumor cells 
and ancuploid yeast strains raise the possibil 
that some phenotypes exhibited by tumor cel 
are elicited by their ancuploid state. Thus, the 
phenotypes exhibited by ancuploid yeast strains 
‘could be the starting point 10 determine whether 
ancuploid mammalian cells also share a set of 
Phenotypes. These shared properties woul be 
‘deal targets for chemotherapeutics 

Our analysis shows that ancuploidy causes a 
proliferative disidvantage in yeast. The same 
‘could be tre in human cells, not only because of | 
the high degree of conservation of basic cellular 
processes among cukaryotes but also because 
‘isomy 21 foreskin fibroblasts profiferate more 
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Fig. 3. Increased glucose uptake in aneuploid strains. (A) Wild-type 
‘and aneuploid strains were grown in —His+G418 medium and ODop 
‘was measured atthe indicated times. The following strains were used 
for this analysis: wild-type cells (A11311) and cells disomic for 
chromosomes |(A12683), ll (A12685), IV (A12687),V (A14479), Vil 
{(A13628), IX (A13975), X (A12688), XI (A13771), XIl(A12693), XII 
(A12695), XIV (A13979), XV (A12697), and XVI (A12700).(B) Same 
a5 (A), showing wild-type cells (A11311) and cells disomic for 
chromosomes Vill and XIV (15615), XI and XVI (A12699), and Xtand 
XV (A12691). (C) Wild-type cells and aneuploid strains described in 
(A) were grown in —His+G418 medium to saturation. Samples were 
taken atthe indicated times, cells were plated on —His+G418 plates, 
and the number of colonies was determined. Note that only cells 
disomic for chromosomes Il (A12685) and XV (A12697) maintained 
a high viability during stationary phase. (D and E) Wild-type cells 
‘nd cells disomic for chromosome IV (A12687) were grown to log phase and diluted into fresh medium, and the ODgqp and amount of glucose in the medium 
‘were determined at the indicated times, (€) Same as (D) for wild-type cells and cells disomic for chromosome XIV (A13979) or XI+XVI (A12699). 
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slowly than normal diploid fibroblasts (7). Is it 
thus possible that aneuploidy does not contribute 
tocarcinogenesis but rather antagonizes it? Ancu- 
ploidy provides a means of gaining additional 
copies of oncogenes or losing tumor suppressor 
genes (4, 30), and the cellular imbalances caused 
by ancuploidy could create a selective stress that 
‘could promote the accumulation of 


E 


proliferation-promoting genomic alteration. Un- 
der selective conditions, even in yeast, cert 

ancuploidies may be advantageous (31). How- 
ever, our data show that ancuploidy in itself re- 
sults in a proliferative disadvantage for the cell 
Clearly, this disadvantage must be overcome 
during tumor formation through the acquisition 
‘of mutations that allow cells to tolerate ancu- 


ploidy. The ancuploid yeast strains described 
here could provide the opportunity to identify 
such genes. 
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Fig. 4. Increased sensitivity of aneuploid strains to conditions interfering with 
protein synthesis and folding. (A) Examples of effects of increased gene 
dosage on protein abundance. ArpS, Tep, Cdc28, Rpal, Mre11, Rps2, and 
Rpl32 proteins were examined in wild-type cells: in cells disomic for the 
‘chromosome on which the encoding gene is located: and in cells disomic for 3 
different chromosome by Western blot analysis. Boldface type indicates the 
cdisome on which the encoding gene of interest is located. RNA levels of the 
‘gene product of interest are shown asa og, ratio of wildtype of an average of 
two microarray analyses below the blot. Nop! was used as a loading control; 
50 tig (Bx), 25 ug (4%), 13 jig (2x), and 6 ug (1) of extract were loaded. 
‘Arp5 protein and RNA levels were analyzed in wild-type (WT) (A1131), Dis 
(412685), and Dis XIV (A13979); Tep1 in WT (A11311), Dis Il (A12685), and 
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Rpal in WI (A11311), Dis | (A12683), and Dis V (14479); Mre12 in WT 
(411312), Dis | (A12683), and Dis Xl (A12695); and Rps2 and Rp|32 in WT 
(A11311), Dis Il (A12685), and Dis XV (A12697). (B to F) Proliferative 
capability of disomes in the presence of thiolutin (B), cycloheximide (Q, 
hygromycin and rapamycin (D), high temperature (37°C) (6), and MG132 and 
_geldanamycin (F); 10-fold dilutions are shown. Strains (from the top: A11311, 
‘A12683, A12685, A12687, A14479, A13628, A13975, A12689, A13771, 
‘A12693, A12695, A13979, A12697, A12700, A12699, A12691, A15615, 
‘A15614, ALL311, A755, A2594, and A2595. In (P), the order is A15548, 
‘A15550, A1S552, A15554, A15556, A1S558, A15560, A15562, A15564, 
‘A15566, A15567, A15568, A15572, A11311, A755, A2594, and A2595. 
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Fig. 5. Effects of human and mouse DNA on yeas. (A) Gene expression of YAC- 
containing strains grown under phosphate-timiting conditions, The gene 
expression pattern is shown for the 397 genes identified as changed in 
aneuploid strains grown under phosphate-limiting conditions. Genes increasing 
in expression in the aneuploid strains are marked by the red bar, and genes 
decreasing in expression by the green bar. Data for wild-type cells and cells 
disomic for chromosome 1X are from Fig. 1C and are shown for comparison 
Data are provided in table $5. Order of strains (from the lft: A11311, A13975, 
‘A16854 (this strain contains a truncated version of YAC-1), A17392, A17393, 


‘A17394, A17397, A16851. (B) Behavior of YAC-carrying strains and aneuploid 
strains in the presence of high temperature (37°C, 39°O, thiolutin, 
‘gcloheximide, rapamycin, and hygromycin, Strains (from the top): 11312, 
‘A16850, A17392, 17393, A17394, A13628, A11311, A17396, A17397, and 
‘A16851. (Cand D) Wild-type cells (11311) and cells carrying YAC-1 (A16850), 
YACT (AL6851), YAC-2 (A17392), YAC-3 (A17393), YAC-4 (A17394), YAC-S 
(A17396), oF YAC-6 (A17397) were released from a pheromone-induced Gy 
arrest as described in Fig. 2. At the indicated times, samples were taken to 
determine the percentage of budded cells (and DNA content (0). 
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Type la supernovae are important cosmological distance indicators. Each of these bright supernovae 
Supposedly results from the thermonuclear explosion of a white dwar star that, after acreting material 
from a companion star, exceeds some mass limit, but the true nature of the progenitor star system 
remains controversial. Here we report the spectroscopic detection of circumstellar material in a normal 
type la supernova explosion. The expansion velocities, densities, and dimensions of the circumstellar 
‘envelope indicate that this material was ejected from the progenitor system. In particular, the relatively 
low expansion velocities suggest that the white dwarf was accreting material from a companion star that 
‘was in the red-giant phase at the time of the explosion, 


5.4 result of their extreme luminosities 
A= high homogeneity, type la super- 

snovae (SNe la) have been used exten 
sively as cosmological relerenee beacons to trace 
the evolution of the universe (J, 2), However, 
despite recent progress, the nature oF the pro- 
genitor stars and the physics that gover these 
powerful explosions remain poorly understood 
(3.4. Inthe presently fwored singk-degencrate 
model, the supemova (SN) progenitor isa white 
dwarf that aceretes material from a nondegener- 
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ate companion star in a close binary system (3) 
When it appreaches the Chandrasekhar limit, the 
White dwar explodes in a thermonuclear blast. A 
dircet method for investigating the nature of the 
‘progenitor systems of SNe fa is to search for 
signatures of the material transferred to the ac- 
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(CSM), Previous attempts have aimed at deteet- 
ing the radiation that would arise trom the 
interaction between the fast-moving SN eject 
and the slow-moving CSM in the form of nano 
«mission lines (6, radio emission (7), and x-ray 
«mission (8). The most stringent upper limit 0 
the masrloss rate sot by radio observations is as 
Fow as 3 = 10"* solar masses per year (My year!) 
for an assumed wind velocity of 10 kms (7 
Two noble exceptions are represented 
peculiar SNe la, SN 2002I¢ and SN 005g), 
‘hich have shown extremely pronounced hydro- 
gon emission fines (%, 0) that have been iner- 
preted asa sign of strong ejecta-CSM interaction 
(UD, However, the clasitication of these super 
novae as SNe la has revently been questioned 
(U2), and even if they were SNe la, these 
supemovae are unlikely to aceount for nonmal 
'SNe la explosions (7) that, of those obxerved 50 
far, lack any signature of mass transfer from a 
hypothetical donor, Here we report direct evi- 
dence of CSM in a SN la that has: shown 
onnal behavior at x-ray, optical, and radio 
wavelengths 

SSN 2006X was discovered in the Virgo clus 
ter spiral galaxy NGC 4321 (13), A few days 
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after its detection, the object was chasified as a 
normal SN fa event occurring 1 to weeks before 
maximum light, which was affected by substan- 
tial extinction (/4), Prompt observations with the 
Very Large Array (VLA) telescope have shown 
no radio source at the SN position (/5), establish 
ing one of the deepest and earfest limits for radio 
‘emission from a SN Ia and implying a mass-toss 
rate of less than a few 10 Mss year (fora low 
wind velocity of 10 km 5-4), The SN was not 


violet (UV) and Visual Echelle Spectrograph 
mounted at the ESO 824m Very Large Tele- 
scope. Observations were cared out on four 
rent epochs, which correspond to days. 2, 
61, and +121 with respect 10 B-band 
jum light. Additionally a fifth epoch (day 
+105) was covered with the High Resolution 
Echelle Spectrometer mounted atthe 10m Keck 
telescope (/6), The most notable finding from 
‘our data is the lear evolution seen in the profile 
‘ofthe Na  D doublet lines (5889.95, $895.92 A). 
Indeed, besides a strongly saturated and constant 
component arising in the host galaxy disk 
[supporting online material (SOM) text S2 and 
Fig. St}, anumber of features spanning a velocity 
ange of about 100 kms" appear t0 va 

substantially with time (Fig. 1 and fig, S2). SN 
2006X is projected onto the receding side of the 
galaxy, and the component of the rotation 
Velocity along the fine of sight at the apparent 
SN location is about +75 kms! (17), which 
coincides with the strongly saturated Na 1D 
‘component, the saturated Ca IT H&K fines, and a 
\weakly saturated CN molveular vibrational band 
(0-0) (Fig, 2 and fig. SL). This and the lack of 
time evolution prove that the deep absomption 


Fig. 2. Evolution of the 
Na 1 Dz and Ca K tine 
profiles between day ~2 
(lack), day +14 (red, 
and day +62 (blue, Nat 
Dz only), The vertical 


arises within the disk of NGC 4321 in an 
interstellar molecular cloud (or system of clouds) 
that is responsible for the bulk of the reddening 
ssuflered by SN 2006X (SOM text $2). 

In contrast, the relatively bluc-shifted struc- 
tures of the Na D fines show a rather complex 
evolution, The number of features, their intensity, 
and their width are difficult to establish, 
Nevertheless, for the sake of discussion, four 
main components, which we will indicate as“A,” 
“B." "C2" and “D,” can be tentatively identified 
in the first two epochs (Fig. 2). Components B, 
Cand D strengthen between day -2 and day ¢14 
hile component A remains constant during this 
time interval. The situation becomes more com 
plicated on day *61: Components € and D clear- 
ly start to decrease in strength, but component B 
remains almest constant, and component A 
‘becomes deeper and is accompanied by a wide 
absomption that extends down to a rest-frame 
heliocentric velocity 1y, = ~SOkm 5"! (Fig. and 
fig. S2), After this epoch, there is no evidence of 
evolution, and component A remains the most 
iense feature up to the last phase covered by our 
cobservations, more than 4 months after the 
explosion, 

‘Variable interstellar absorption on compars- 
‘bly shor time seales has been claimed for some 
gamma-ray bursts (GRBs), and it has been 
attributed by some authors to line-of-sight 
‘geometrical effects, resulting from the fast GRB 
‘expansion coupled 1 the patchy nature of the 
intervening absorbing clouds (U8). Our data 
clearly show that despite the marked evolution 
in the Na ID fines, Ca It H&K components do 
not change with time (Fig. 2, fig. S3, and SOM 
text S3 and S4). Therefore, in the case of SN 
2006X, transverse motions in the absorbing 
material and fine-of-sight effects duc to the fast 
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'SN photosphere expansion (typically 10* kms) 
cin be definitely excluded, because they would 
«cause variations in all absorption features. 

For this reason, we conclude that the Na 1 
features seen in SN 2006X, arising in a number 
‘of expanding shells (or clumps), evolve because 
of changes in the CSM ionization conditions 
induced by the variable SN radiation field, In this 
context, the different behavior that is seen in the 
Na Land Ca I ines is explained in terms of(i the 
lower ionization potential of Na 1 (5.1 eV, 
comesponding to 2417 A) with respect to Ca Il 
(11.9 V, corresponding to 1045 A), Gi) 
ferent recombination coefficients, and (i 
photoionization enoss sections coupled to a U 
deticient radiation ficld (SOM text $4). Re 
‘ably, not much is known about the UV emission 
of SNe fa shortward of 1100 A (8, 19). Theo- 
tically, a severe UV fine blocking, by heavy 
elements such as Fe, Co, and Mg. i 
0), An estimate of the Na Lion 
«can be derived from a synthetic spectrum of a SN 
Ja at maximum light (22), which turns out to be 
Suv ~5 = 10% photons 5", One can verify that 
this flux is largely sufficient to fully ionize Na t 
‘up to rather lange distances (~5 = 10" em), 

Nevertheless, because the recombination time 
sake ty must be of the onder of 10 day's, this re= 
quires an clectron density ng as large as 10° em”? 
(SOM text $4), Given the low abundance of any 
ether clement besides hydrogen, such a high 
electron density can be produced only by partial 
hydrogen ionization, Asa result of the severe line 
blocking suffered by SNe la (20), the Mux of 
‘photons capable of ionizing H is very small (4 
10* photons 5"), and this requires that the gas 
‘where the Na L time-dependent absomptions arise 
‘must be confined within a few 10" cm from the 
SN (SOM text S4), Ina SN of this type, the Mus 
in the 1120-10-2640 A hand decreases by a factor 
of 10 in the first 2 weeks after maximum ight 
(8, 19), Because, ata distance of ~10"* em from 
the SN. the ionization time seale 4 for Na I is 
much shorter than tz. the ionization fraction 
sows with time following the inerease ofthe UV 
flux during the pre-maximum phase, where 
after the maximum phase, the ionization fraction 
creases following t,. This result would explain 
the overall growth of the blue components’ depth, 
as shown by our data, in terms of an increasing 
faction of neutral Na, whereas the different evo 
lution of individual components would be dictated 
by differences in the densities and distances from 
the SN. Moreover, once all the Na Il has 1 
‘combined [which shoud happen within afew ty 
(ie, ~1 month)}, there should be no further 
«evolution, which isin qualitative agreement with 
the observations. Additionally, because the ux 
‘of photons that can ionize Ca lis more than four 
‘orders of magnitude less than that of Na I (SOM 
text S4), the corresponding ionization fraction is 
expected to be only a few percent, Therefor, the 
recombination of Ca Il to Call docs not produce 
measurable effects on the depth of the Ca II H&K 
lines, a i indeed observed (SOM text S3). 
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‘The H mass [MUD] contained in the shells 
‘generating the observed absorptions can be esti- 
mated from our observations after some consery~ 
ative assumptions are made. The Na T column 
density NiNa 1) deduced fiom the most intense 
feature (component D, day +14) is N(Na 1) = 10" 
‘cnr, Assuming that the material generating this 
component is homogeneously distributed in a 
thin spherical shell with radius 10"7 em, a sokar 
Nall ratio (log Na/H = -6,3), and complete Na 
recombination, an upper limit to the shell mass 
‘ean be estimated as M(H) <3 = 10 Me (this 
Value is reduced by a fictor of 100 for material at 
about 10" em, the most likely distance for 
components C and D), Even in the case of 
complete ionization, such a HT mass would 
produce an Ha luminosity of ~4» 10™ eng s', 
‘hich is two orders of magnitude below the 3-6 
Lipper limits set by our observations at all epochs 
(table $2) and by any other SN la observed so far 
(6), Therefore, the absence of narrow emission 
lines above the detection limit does not contradict 
the presence of panially ionized 1 up to masses 
ofthe onder of O01 Me. 

However, photoionization alone cannot ac- 
‘count for the filet that not all features increase in 
depth with time (Fig. 2). Indeed, on day +61, 
components C and D retum to the same low 
intensity values that they had on day 2, One 
possible explanation is that the gas is e-ionized 
by some other mechanism, like the ejceta-CSM 
imeraction. In this ease, the absorbing material 
‘generating components C and D must be close 
‘enouigh tothe SN so thatthe ejecta ean reach iin 
about | month after the explosion (~10"* em for 
maximum ejecta velocities of 4» 10* kms}, 
Similarly, in order not to be reacheu by the ejecta 
more than 4 months after the explosion, 
component A, component B, and the bred 
high-velocity components must arise at langer 
distances: (3 « 10! em). This scenario is not 
ruled out by the lack of radio emission from SN 
2006X (15). Indeed, in light of our current 
understanding of the ejecta-CSM interaction 
mechanism (22), the presence of similar shells 
\with masses smaller than a few 10 Mu: cannot 
be excluded by radio nondetections of SNe fain 
‘general (7), Our findings are consistent with 
upper limits on the radio Mus set by our VLA 
‘observations, obtained about 10 months after the 
explosion (SOM text S1), which are comparable 
tothe best upper limits set on the radio luminosity 
‘of other normal SNe fa (7). 

IF We adopt the velocity of the CN fines as 
indicative of the host galayy rotation component 
along the line of sight atthe SN location, then our 
observations provide solid evidence of CSM 
‘expanding at velocities that span a range of about 
100 kn 5 (Fig. 2), 

‘The most important implication of these 
‘observations is that this CSM was ejected from 
the progenitor system in the recent past. For 
instance, with a shell radius of 10"° em and a 
wind velocity of ~S0 km s', the material would 
have been ejected some 50 years before the 
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explosion, This almost certainly rules out a 
double-degenerate scenario for SN 2006X, 
Where the supemova would have been triggered 
bby the merger of two carbon-oxygen white 
dwarfs. In this case, no substantial mass loss 
would be expected in the phase immediately pre- 
ceding the supemova, Thus, a single-degenerate 
model i the favored model for SN 2006X, where 
the progenitor accreted from a nondegenerate 
companion sar. 

‘Mean velocities for the CSM of ~S0 km =" 
are comparable to thase reported for the winds of 
carly red giant (RG) stars (22), veloci 
‘matching our observations are also expected for 
late subiants. The observed material is moving 
more slowly than would be expected for winds 
from main sequence donor stars or ftom compact 
hictium stars. These wind velocities seem more 
‘consistent with the shorter-period end of the 
symbiotic formation channel than with the other 
major formation channet proposed for a SN ta 
With a nondegenerate donor star (23). The 
observed structure of the CSM could be due 10 
Variability in the wind from the companion Re 
considerable variability of RG mass loss is 
generally expected (24) 

‘An altenative interpretation of these distinct 
features is that they arise in the remnant shells of 
successive nova, which ean ereate dense shells 
in the slow-moving material releassd by the 
‘companion star (25, 26), This seenario seems to 
require an aspherical shell geometry in order 10 
match the observed low velocities (SOM text 
$56). Notonly might tis be expected a priei (27), 
‘but observations of the 2006 outburst of RS. 
Ophivehi also show that there is an equatorial 
density enhancement that strongly restrains the 
expansion of the nova shell (28-30). 

(One crucial issue to resolve regarding what 
we have seen in SN 2006X is whether it rep- 
resents the rule or whether itis an exceptional 
cease. Other cases of SNe la showing negative 
Velocity components are known, such as SN 
1991 Tand SN 1998cs (fiz. SS and SOM text SS), 
Unfortunately, multi-cpoch high-resolution spe 
{troscopy is not available for these objects (10 our 
Knowledge, the SN 2006X data set is distinctive 
in this respect), and therefore time variability 
cannot be demonstrated. Nevertheless, the data 
clearly show components. approaching the ob- 
server at velocities that reach at Ieast 50 km 5"! 
with respect to the deep absorption that we infer 
to be prexluced within the disks of the respective 
host galaxies This, and the fact that SN 2006X 
has shown no optical, UV, and radio peculiarities 
whatsoever, supports the conclusion that what we 
have wimesed for this object is common to 
normal SNe fa, and possibly to all SNe fa, even 
though variations resulting from different incti- 
nations of the line of sight with respect 10 the 
orbital plane may exist. 
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Radiationless Electromagnetic 
Interference: Evanescent-Field 
Lenses and Perfect Focusing 


R, Merlin 


Diffraction restricts the ability of most electromagnetic devices to image or selectively 

target objects smaller than the wavelength. We describe planar subwavelength structures capable 
‘of focusing well beyond the diffraction limit, operating at arbitrary frequencies. The structure 
design, related to that of Fresnet plates, forces the input field to converge to a spot on the focal 
plane, However, unlike the diffraction-limited zone plates, for which focusing results from the 
interference of traveling waves, the subwavelength plates control the near field and, as such, their 
ssupertensing properties originate from a static form of interference. Practical implementations of 


these plates hold promise for near-field data storage, noncontact sensing, 


rnanolithography applications. 


he closely related problems of eksetro- 
| ‘magnetic imaging and focusing beyond 
Abbe's diffraction limit, set by ~2n 
here A is the vacuum wavelength and 1 is the 
reftactive index (I), have received considera 
ble attention in the past decade, me in 
part by optical studies using subwavelength 
apertures to probe the near fickd (2) and related 
Work at microwave frequencies (3) 
schemes have been developed to improve the 
resolution, involving, for example, sharp tips 
(4, 5). coherent control (6) and far-tield time- 
reversal mirrors (7), and values as small as 
WLO) have been reported tor the TH range 
(8), Subwavelength focusing necesstrily involves 
the evanescent components of the 
the near field. Because of this, 
interference techniques oF geometrical optics 
cthods do not apply. More recently, ne; 
refraction has emerged as a topic of interest to 
near-field studies (9, 10), following proposals 
‘of perfect lensing (/1-/4) and the subsequent 
experimental verification of negative refrac- 
tion at microwave frequencies (15. 16) and 
imaging beyond Abbe’s limit with negative- 
permittivity slabs (17, 78). In this work, an ap 
proach t subwavelength focusing is described 
that uses patterned, planar structures to induce 
convengence of the near field. The focusing 
effect described is reminiscent of, but the 
physics is substantially different from, that of 
both negative reffaction slabs and Fresnel 
‘zone plates (19), 

Let F be one of the cartesian components of 
the electric (E) of the magnetic (H) field . and 
assume that all the fick! sources. are mono- 
chromatic, with time dependence given by &"™ 
(ovis the angular frequency), and that they lie to 
the lett of a particular plane, defined as = = 0. 
Then, for z > 0, F satislies the Helmholtz 
equation VF + RF = 0 and can thus be ex 
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imaging, and 


pressed inthe angular-spcctrum-representation 
form (20, 2) 


Eslifiner 


x POV ede daaday (V) 


Flx.y.za) = 


providing an exact relitionship between the 
solution 10 the wave equation in two arbitrary 


planes, parallel cach other, = y> O and = 

ap > 0. Here, k= rand 
A@+g-2)| degre 
(Pog gQ"| aeg<e 


With the sources located in the half-space = < 0, 
the choice of signs in Eq. 2 is dictated by the 
requirements that the homogencous and in- 
homogeneous (or evanescent) solutions 10 the 
wave equation must travel and decay in the 


According to Eq, 1, the field in the region 
= 20 is determined by the boundary values 
Fixy.0). Hence, the question of focusing (for 
both the subwavelength and the conventional, 
diffaction-limited cases) becomes that of iden- 

fying the sources needed to generate the fick! 
0 that converges to a spot of a 
predetermined size at the focal plane, = =f 
Although the angular-spectrum representation 
shows that Alx:0) is, in tum, uniquely deter- 
mined by the focal-plane values, Fix, the 
answer to the focusing problem is not unique, 
and the search for the optimal solution is not 
trivial, because “focal spot” is, at best, an elec- 
‘womagnetically vague concept. The difficulty 
here is that the wrong choice of Fuxy.f) may 
result in a field that is unsuitable for applica- 
tions, that divenzes. or that does not exist (every 
Where in a region or at certain points), or in a 
‘boundary ficld that is difficult to implement in 
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practice. In our approach, Flx.:0) is defined by 
the transmission properties of subwavelength- 
patterned planar structures that behave, in some 
sense, like the evanescent-wave counterparts 10 
Fresnel’s zone plates (/9). Similar to the latter 
structures, the waves exit our plates in a pattem 
set by the plate design, which forees them to 
‘converge to a spot on the focal plane, as pre- 
seribed by Eq. 1, Unlike the Fresnel plates, 
which rely on interference involving radiative 
components of the fick, and are thus subjected 
to Abbe's constraint, our plates affect prin 
the evanescent waves leading to interference et 
fects that are electrostatic or magnetostatic in 
nature and, as a result, the spot size can be 
arbitrarily small, As with other newr-field effects, 
‘our plates’ ability 10 focus at large distances is 
severely limited by the exponential decay of the 
near field which, in practical applications, 
‘constrains the focal length to dimensions much 
smaller than 2, 

The proposed plates can be tailored to give 
subwavelength focal pattems of vatious type 
and symmetries, We concentrate on two key 
‘geometries displaying cylindrical and azimuthal 


symmetry. In the cylindrical or two-dimensional 
case, OF | Oy © 0, the perict focus is a line, and 
Eq. | becomes 
Purse) = ffrtrisn 

x AMY a D420 tly (G3) 


‘where x(¢) is given by Eq. 2 with y? + g2—+2 
For electromagnetic fields propagating in the 
diroction that have azitmuthal symmetry, such as 
the axicon (22) and Bessel beams (23), the 
tangential © component of the electric field, as 
well as the = and radial p component of H 
‘vanish, whereas the nonzew components 
Hy ot E, obey 


W(p.20) = ff Mo =9ilg"alar) 


tee 


x ote ptdp'gdg oo 
Replacing the Bessel function./y by so, one obtains 
the corresponding expression 
exp ix(go)=| and (gop) © 
respectively, solutions of Eqs, 3 and 4 for 
arbitrary go that become evanescent modes for 
‘go> k For go < k, the corresponding fields are 
the well-known diffiaction-free plane waves and 
Bessel beams. These states and, more generally, 
source-fiee electromagnetic fields with compo- 
nents of the form fy (p)explis(jo)=|- where p is 
a vector normal 10 the = axis, play a enucial ole 
in near-field lensing. 

Our approach to subwavelenath focusing 
relies on a property of the near field that, to the 
best of our knowledge, has not been considered 
before. Assume that fexp|ix(qo)=| is part of a 
full solution to Maxwell's equations and that a 
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certain field component (c 
at the source plane, = = 0, is of the form 
M(p) * fys() Where M is a modulation func 
tion, which is characterized by the length scale 
L igo) and satisfies the requireme 
specified below. Then, itcan be shown for go 
that the field converges to a focal spot of res 
‘olution defined by /, after prop. thro 
distance of order L. This effect is illustrated for 
both the two-dimensional and azimuthally sym- 
in Fig. |. The basic concepts of near 
e best understood in the eylindrical 
In Eq, 3, take F(y,0) = M(ve" 
rate 10 calculate F(y.z) For yo >> ky 
evanescent waves, We ean 


jesian o otherwise) 


Fig. 1. Submavelength focusing. (A) Two- 
dimensional case: Ay)" versus from £q, 3 where 
FUy.0)-<eMV/(1 + y2/L2) and Le = 25. (B) Ate 
muthaly symmetric geometry: M'(o,20 versus gop 
from Ea, 4 where ¥(p,0)°Ja(gopW(1 + p2/L2) and 
‘Ur 8. The contour plots show the focal line A) and 
ring (B) at z = L 


Fig. 2. Radiationless interference. (A) Schematic showing a subwavelength plate, represented as a modulated array of linear current sources at z 
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therefore _appros 


Fiv.z)= {he 


fq) so that 


te xg) 


‘of modulation functions. Mathematically, 


ficient condition for focusing is that M 
should have one of more poles in the complex 
plane with nonzero imaginary components, To 
prove this, we assume that My) is a real and 
‘even function, with poles at + iL. Perfor 
simple integration we obtain, for yo > 0, 


F(y,2)% Leg y.z) where 
eaves) — | 
el th . 
As anticipated, the expression inside the 


brackets leads to focusing at >= such that 
L >> (, \FLyL)|o% Le /sin(gay/2)/y| (note 
that the singularity at > = L and y = 0 is 
movable and that the second term gives 
small correction of order (/L to the resolution) 
Because there are no phases associated with 
1c, it should come as a suprise 
process shows telltale i 
conventional interference, particularly in the w 
aves contributing 0 Eq. 3 add up con- 
structively and destructively at the focal plane. 
Because it involves nonradiative modes, we will 
refer to th 
radiationless interference. 

Figure 1A shows plots of Aly 
from Bq, 3. or fy, = OMY and ML 9? yt 
This form of 1 is the simplest one for an even 
function with poles at y= = iL, The calculations 
are consistent with Eg. $ and suppor our con: 
tention that, for L = f, the focal length and the 
resolution 
the modulation length, L 
Of the unperturbed field compone 
in Fig. 1B, the modulated azimuthally symmetric 
fick (ringlike focus) exhibits a similar effect 


evanescent W 
hat the 


form of focusing as 


obtained 


re deter 
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Although our study so far has been limited to 
simple poles located in the imaginary avis, it 
be shown that (i) focusing can also be attained 
with higher-order poles, (ii) modulation fune- 
tions with multiple poles give multiple foci, and 
(Gi) the real and imaginary part of a given pole 
determine, respectively, the off-axis position of 
the focal spot and the corresponding focal 
length. Within this context, it is of interest to 
apply our analysis to a negative-refraction slaty 
that exhibits perfect focusing at n= 1 (11), 
For |1 + 1) << 1 and a source consisting of a 
es, the expression for the field is 
known analytically (/3, 14), In particular, ifthe 
slab thickness is and the source is ata distance 
«2 from the nearest slab surface and, therefore, 
2 from the other surface (17), 
the evanescent fick! at the exit side of the slabs 
be writen as My} whet 


cosh(ny/ 2d) ~ 1 sinh(ny/2d) 


Mi) iG 

an ‘cosh(my/2d) + i sinl 2d) J 
and qo = Int 4 nd (14), As expected, M 
exhibits @ pole at y = id, reflecting the image 


Jocation and, moreover, the expression fr go i in 
perfect agreement with the known sk 
tion (3, 14, 24), Because M has an infinite 
number of additional poles at y= itd (2 ¥ pd), 
where p> 0 isan integer, a near-perfect slab will 
exhibit not just one, but an infinit 
images for which the intensity decays. exponen- 
tially with p. These additio 


multiple reflections arising from the slight im- 
pedance mismatch at the slab-vacuum 
For the two-dimensional geometry, the above 
results can be tivially extended from the simple 
sinusoidal to the general case of a periodic field 
Py), oF period f. 1tis apparent that, for values at 
the source plane given by F(y,0) = M(y)Pi(v), 
the field will converge at >= to a focal spot 
size ~(. This suggests the path for a pra 
implementation of eylindri Ad ensing. 
As a periodic fick! can be simply realized by 
ea plane wave go through an array of pe- 
fiodically placed slits or ribbons, itis clear th 


nerfaces, 


zie 


0 
and the plane showing the focal line. Lr = 3; see Eq. 7. (B) Contour plot of tnlH,). (C) Contour plot of IH,(zy) /Hy(z,0)!*. The dashed white line atz = 
denotes the focal plane. 
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field of the form M(y)P.(y) can be oblained by 
introducing a slowly varying modulation in, say, 
the width or the properties of the material of 
Which an element is made. Similarly, in the ease 
oof azimuthal symmetry, a Bessel beam can be 
uused together with a set of concentric rings of 
properly modulated width placed! at radii satis- 
{ying (gop) = 0. The technology for manu- 
turing plates of this kind for microwave 
applications has been available for quite some 
time, whereas nanofibrication methods involv 
ing, for example, electron and focused ion beam 
Tithography, can be used for the infrared and 
‘optical range, An important consideration in the 
design of a near-field plate is to avoid as much 
as possible the presence of terms wiving a back- 
ground that could overwhelm the sharp Features 
fof the field, An example of background-fiee 
focusing is shown in Fig. 2. These results are for 
the difliaction of a plane wave by a set of rib- 
bons of very narrow width << f and parameters 
such that the total current density is j = (/.00) 
where 


eI 9 
18) eetariaa 4s " 


(the incident electric fick! is parallel to the 
cylindrical axis), Such an array of currents, with 


7) 


the sign varying from one element to the next, 
‘can be walized at infrared and optical frequen- 
cies by altemating material with positive and 


negative pemnitivity and, in the microwave re= 


gime, by using a set of interchanging capacitive 
and inductive elements. Figure 2B shows a con- 
tour plot of the y component of the diffiacted 
‘magnetic field (logarithmic scale). These results 
are similar to those reported for negative-index 
slabs (14, 25), thereby revealing the close rela- 
tionship between the two phenomena (26). 
Finally, to help ascertain the origin of radiato 
less interference, we show in Fig. 2C a linear 
plot of the fiekd intensity, normalized to its largest 
value at a given > Reflecting a property of the 
zeros of Hy. the figure clearly shows behavior 
reminiscent of beam coupling in that the dif 
fraction of the beam produced by a panicular 
current source is prevented by the presence of 
its ncighbors. It is only after the intensity of its 
neighbors has decreased a sufficient amount that 
the central beam is allowed 10 spread, and the 
‘point at which this happens determines the focal 
length. 


References and Notes 

1. E Abbe, Ach Milos. Avot, 9, 413 (1873). 

2. E Betig |. K Trautman, Science 257, 189 (1992). 

3. A she el Re. Sc Instrum. 74, 3167 (2003) 

44 FZeshawem, ¥. Martin, HK Wickramasinghe, Soence 
269, 1083 (1995). 

5. R Milenbrand, 1. Tauboe,F. Keilmann, Nature 418, 
389 (2002), 

{6 ML Stockman, 5. V. Fale, D. . Bergman, Phys. Rev. 
ett 88, 067402 (2002). 

7. barney - de Rosny, A Turin, M Fink, Science 315, 
1120 (2007), 

8 PCM Plank, H.C.) va der Vath, Opt. Ltt. 29, 
2306 (2004. 


REPORTS i 


9. DLR Smith, }. 8. Pend, M. C.K. Witshire, Science 305, 
738 (2009), 

.R Sith, Sconce 308, 502 (2008). 

1B. Pandey, Ps, Re et. 8S, 3966 2000). 

NLA.P. Nicorovc, RC. McPhedran, G. W. Mito, 

Phys Rex 8 49, 8479 (1994), 

GW. Mion, NA. Nicorovi, RC. MePhedan, 

V.A Pasoldiy, Proc. R Soc. Landon Ser. A461, 3999 

(2005) 

14, Metin, Appl. Phys Lett 84, 1290 (20040. 

1S, R Shey, O. RSet, 5. Schl, Science 292, 77 (2000, 
[A Gtic, GV. letheriades, Py, Rev. Let 92, 117403, 

(2008), 

17, N Fang. M. lee, Sun X Zhang, cence 308,534 (2005). 

18. I, Tautner, . Kerbkin, ¥, Uchumov, G. Shvets, 

A Hillenbrand, Science 313, 1595 2006), 

19, E Hecht, Optics (Addison Wesey, San Franco, 2002). 

20, | A Straton,Elecromagnetc Theory WGraw-il, Hew 
York, 1940. 

.C Clemo, The Plone Wove Spectrum Representation 

of Electromagnetic Fels (Pergamon, Oxford, 1966), 

22. |. McLeod, 1. Opt. So. Am. 4, 592 (1954, 

23, | uri, |} Mica tJ. M. ety, Phys Rev. Let. $8, 
1499 (1987). 

24, 0. K Smith tol, App Phys. Lett. 82, 1506 (2008). 

25, G. Sets Phys.Rev. 8 67, 035109 (2003) 

26, We emphasize that, although ou plates and negative: 
index slabs create comparable fi distributions, the 
‘hia onigins are very diferent in that te pats 
‘wars, propagating into evanescent modes, whereas 
the slabs amply the near fel 

27. The author adnowedges discos wth A. Gti This 
sk mas supported by the Air Force Ofc of Seti 
Research under contact FA 9550-06-01-0279 though the 
Nustidscplnary Univerty Reseach inate Prayam 


16 Api 2007; acepted 27 une 2007 
Published eniine 12 ly 2007; 
10:1126Acienc, 1143884 

Include tis infomation when cing this paper. 


Coherent Optical Spectroscopy of a 
Strongly Driven Quantum Dot 


Xiaodong Xu,” Bo Sun,” Paul R. Berman,” Duncan G. Steel, Allan S. Bracker,” 


Dan Gammon,” L. J. Sham* 


‘Quantum dots are typically formed from large groupings of atoms and thus may be expected to 
have appreciable many-body behavior under intense optical excitation. Nonetheless, they are 
known to exhibit discrete energy levels due to quantum confinement effects. We show that, like 


single-atom or 


le-molecule two- and three-level quantum systems, single semiconductor 


quantum dots can also exhibit interference phenomena when driven simultaneously by two optical 
fields. Probe absorption spectra are obtained that exhibit Autler-Townes splitting when the 
optical fields drive coupled transitions and complex Mollow-related structure, including gain 
without population inversion, when they drive the same transition, Our results open the way for 
the demonstration of numerous quantum level-based applications, such as quantum dot lasers, 


‘optical modulators, and quantum logic devices. 


the quantum optoelectronic properties of 
emiconductor quantum dots (QDs) have 
featured prominently in numerous pro- 
‘he HM. Randall Laboratory of Pysis, The University of 
‘Michigan, Aan Atbor, Ml 48109, USA. “The Naval Reseach 
Laboratory, Washington, OC 20375, USA. "Department of 
Physics, University of Clifomia-San Diego, La Jolla, CA 
92093, USA, 
“To whom correspondence should be addrested. Emit 
dst@umichedu 
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posal, including quantum computing, single- 
photon sources, and quantum repeaters (J-3). 
QDs are particularly attractive for these applica- 
tions because they behave in many ways as 
simple stationary atomic or molecular systems 
(4) with discrete states where the electron-hole 
pair can be treated asa well-defined composite- 
particle state (5). 

Whereas strong optical excitation of a semi- 
‘conductor creates a many-body problem because 
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of the extended! nature of the wave function (6), 
confinement of the wave finetion in QDs leads 10 
strong, enengy-level shifly between one exciton 
and two or more exciton states, enabling the 
system to be considered as a relatively simple 
few-level problem, The strong-field excitation 
regime of the transition from the ground state 10 
an excited stale such as the exciton, a Coulomb 
bound ckeetron-hole pair, is then defined by 
Qq >> 2y where the Rabi frequency Oy = GET 
is a transition finewidth (fall wich at_hall® 
maximum, in Hz), 4 is the transition dipole 
‘moment, and Eis the amplitude of the optical 
lectrc field. For time scales less than ¥*, strong 
excitation leads to Rabi oscillations (7°10) in 
time. The effect of vacuum Rabi spliting (//) has 
also boen observed ina single QD embedded in a 
nanocavity (12-14), 

Under strong. continuous wave (CW) narrow 
band resonant optical excitation of a simple 
atomic system, the fluorescence emission spec- 
trum, which is a narrow emission line at low 
power (the emission width is the laser band- 
width), consists of three peaks referred to as the 
Mollow triplet (75). A simple picture of the ori- 
ain ofthis emission patter is understood from a 
dressed-atom picture (/6), Figure 1B shows the 
dressod-state picture with fully quantized atom 
ficld states, when the driving-fiel frequency «is 
«squal to the electronic frequency a, In this limit, 
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the “bare” states (3, V1) and |2..V) are degen 
‘erate, where NV labels the photon number of the 
driving field. The atomfield interaction fits 
this degeneracy and produces “dressed” states 
(@(N-1)) and |B(N~1)) having enengy separa 
tion fq as shown, The dressed states are linear 
‘combinations ofthe bare states, The dashed lines 
inthe igure indicate a triplet of possible emission 
frequencies, occurring at «and e+ 

In absorption, the spectrum can be mone 
‘complex. For the three-level V system (Fig. 1A), 
where the strong fick! couples levels 2 and 3. 
theory predicts that the probe absorption from 
level 2 to level | is strongly modified from the 
usual simple Lorentzian seen in the absence of 
strong-field excitation. The probe absorption 
splits into two resonances, known as the Autler- 
Townes (AT) spliting (17). When the probe 
absorption on the strongly driven transition 
(between levels 2 and 3) 
trum is much, 
seen in the Mollow fluorescence triplet is. ob- 
served (/8-22) and arises from the coherent 
‘coupling between the two optical fiekls, When 
the Rabi frequency of the strong pump fick! is 
‘sufficiently lane, the absorption spectrum shows 
{gain without population inversion, 


We present experimental results of the AT 
spliting and complex Mollow absorption spec- 
‘tum (MAS) using a single semiconductor QD. 
We coherently control the probe absorption with 
a strong optical field, thus demonstrating thatthe 
single QD coupled with the strong pump can 
function as a modulator of the probe absorption 
(23). Inaddition, the spectrum asa function of the 
[probe frequency shows Rabi splitting and gain 
Without population inversion, The results are in 
‘good agement with the standard theory based 
‘on the optical Bloch equations. Our work dem 
‘onstrates that on long time scales, the diserete 
cenergy-level spectrum of the dot is maintained 
even at the high field strengths needed for quan- 
tum logic operations (cz. qubit rotations) and 
single-photon devices, and that the system be- 
haves in a manner similar to that of a trapped 
‘atom. The results suggest that it should be pos- 
sible to demonstrate numerous quantum Jevel 
‘based applications, such as dressed-state lasers 
(24), QD optical modulators (23), and quantum 
logic devices (4. 

Thesystem of intrest isa sing, neutral InAs 
seléassembled QD embedded ina Schottky 
diode structure at SK (25). The typical singke- 
‘beam, linear absorption spectrum ofa single QD 


Fig. 1. (A) The energy-leel A 8 

diagram of a single neutral ee I.Noil2,Net>soceeee 
QD. The absorption of the > » wh 
weak probe beam by scan-“y 

ning either tanstion V oF Hany strong 

is modified by the strong rote pump 

pump beam, which is near 

resonant with transition H. 

(B) The dressed-tate picture — 

ofthe system shown in > 

The transitions between sates Three Level Quantum System 


aN) O)5N)) and (2,N+2), 


‘outside the energy range of the diagram, are not shown. If a weak beam 
probes transition 2-1 as shown by the green arrows, the absorption spectrum 
‘consists of a doublet. Ignoring the state !1), the emission spectrum of transition 
3-2 consists of three peaks (Mollow triplet: a peak centered at the electronic 


Fig. 2. Autler-Townes 
splitting by means of a 
single QD. A strong pump 
drives transition H, and 3 
weak probe scans across 
transition V. (A) Probe ab- 
sorption spectra as a func~ 
tion of the pump intensity 
when the pump is on reso- 
nance. fp equals 1.2 Wiem*, 
The solid tines are theoret- 
ical fits to the data, The 
inset shows the AT splitting 
(Rabi splitting) asa function 
of the square root of the 


Absorption (a.u.) 


ce fon 


transition , and two Rabi side bands located at « + £2 (shown by the dashed 
{ines (©) Single-beam, linear absorption profile ofa single exciton state. The 
‘horizontally (or vertically) polarized light only excites the corresponding linearly 
polarized exciton transition, 


Absorption (a.u.) 


(Fig. 1C), taken with a CW laser with a 300-KIz 
linewidth, shows thatthe neutral exciton has two 
linearly polarized quantum transitions with or- 
thogonal polarizations. The fine-structure spli 
ting of the exciton states, due to the QD in-plane 
anisotropy (26), is about 15 teV, In the cor 
responding energy-level diagram of the states 
(Fig. 1A), states 1) and 3) represent the exciton 
slates, state 2) isthe erystal ground state, and the 
‘so linearly polarized transitions are labeled V 
and H. 

To analytically describe our experiments, we 
follow the approach used in (/7, 19), describing 
th, system with the opvical Bloch equations 
ih = Hp) + Decay (27, 28), where p and H 
ant’ the density matrix and Hamiltonian of the 
light-coupled QD system, respectively. The 
Hamitonian is given by H = Ho ji +E where 
E= Ey + Ey. Ea is the strong pump field and 
E, isthe weak probe fie. For calculations ofthe 
absorption spectrum, we can use the semi- 
classical approach where the fields are taken 10 
be classical. Mp is the diagonalized Hamiltonian 
for the QD structure (Fig. 1A), The reyults of 
calculations in the limits appropriate to this work 
are provided in the Supporting Online Material 
25), The theory is fit to experimental data with 


921586.8 9215028 9275088 
Probe Frequency (GHz) 


pump intensity. & tinear fit 
(old tine) matches the data 
very well, (B) The probe 
absorption spectra as a 


321591 


321594 
Probe Frequency (GHz) 


321891 321894 


Probe Frequency (GHz) 


function of the pump frequency detuning with fied pump intensity. The tines are the theoretical fits to the data. 
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only the linewidth and amplitude as free 
parameters. The dipole moment is extracted from 
the linear dependence ofthe spliting on the Feld 
strength. 

‘To experimentally demonstrate the AT effect 
(7), we use two frequency-locked but indepen- 
dently tunable CW lasers with a mutual coher 
cence bandwidth of a few MHz (25). We set a 
horizontally polarized pump beam resonant with 
the H transition. A weak, vertically polarized 
probe beam then scans across transition V, The 
probe absomption spectra for different pump laser 
intensities are plotted in Fig. 2A with increasing 
pump intensity. The data are shifted vertically for 
clarity, In agreement with theory (solid lines) 
(25), the probe absorption splits into a doublet 
‘where each peak has equal strength. There is a 
small energy shift of the response relative to the 
low-intensity exeitation that is probably due to a 
small screening of the applied field by photo 
‘excited ehuage inthe diode, The shift saturates at 
‘4 power between the lowestintensity curve and 
the next higher-power spectrum, The pump laser 
is adjusted to follow the shift of the resonanee. 

‘The frequency separation between the ab- 
‘sorption peaks shows. a strong dependence on the 
Pump intensity. We plot the measured splitting 3s 
4 function of the square root of the pump 
intensity in the inset of Fig. 2A. The splitting 
clearly depends linearly on the pump fick! 
strength and goes to zero in the absence of the 
pump, as expected for the dependence of the AT 
splitting on the Rabi fequency. 


‘Absorption (110-5) 


Figure 2B shows the probe absorption as a 
function of the pump detuning with a fixed pump 
intensity of 30% (the conesponding 
number per unit volume is ~14 » 10cm), 
‘where fe = 1.2 Wien, corresponding 10 2 Rabi 
frequency of ~ aah GHz. Again, the data 
are shifted for clarity, and the solid fines are the 
fit of the data tothe theory (25) and show good 
agreement, 

In the MAS, where the pump and probe 
‘beams coherently couple to the same transition 
and the pump fick! is tuned 10 resonance, we 
observe a el ‘weak maximum centered at 
zero probe detuning and two Rabi side bands 
with dispersive line shapes. The pump power 
dependence of the probe absorption spectra is 
shown in Fig. 3A. The singk-beam absorption 
data are plottad at the bottom. The spectral shift 
fof the data with the high-power optical fick! is 
due to the excitation of the charge states in the 
‘butler layer. The complex line shape of the MAS 
depends strongly on the pump intensity. The 
splitting between the two side bands is plotted as 
4 function of the square root of the pump inten- 
sity in Fig. 3B, again showing that the spliting 
linearly depends on the pump fick! strength and 
is zero in the absence of the pump fick 

‘The dats confirm that the probe beam 
experiences optical gain in the pump-probe 
configuration for strong excitation. The MAS 
data in Fig. 3A show that part of the probe 
absomtion curve is below zero, which is the 
“gain” effect. Using the data corresponding to 


Rabi side bands splitting (GHz) 
ey 9 


° 
° 


4 


3 
Pump Field Strength (6) 


3218935 3215955 921597.5 
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Fig. 3. Mollow absorption spectrum when the strong pump and weak probe beams couple tothe same 
transition. (A) Measured probe absorption versus pump field intensity when the pump & on resonance. 
The lines are the fits to the probe absorption function obtained by solving optical Bloch equations. The 
‘MAS data show that the part of the absorption signal is “negative.” Using the data corresponding to 15/ 
‘asan example, the absorption/gain ratio is about 0.066%/0.0024% = 27.5. (B) The splitting between the 
Rabi side bands versus pump field strength. The sold line is the linear fit tothe data. 
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15ig as an example, the absorption/gain rato is 
bout 0.066% 0.00248 = 27.5. This gain is from 
the pump and probe beams colterently exchang- 
ing energy through the QD and comesponds t0 
gin without inversion because there is no pop- 
Ulation inversion either in the dressed or brare= 
atom pictures. 

The AT splitting can provide a method to 
measure the dipole moment, as the Rabi 
frequency is a product of the transition dipole 
moment with the optical field, From the 
tracted Rabi splitting with the corresponding 
optical field strength, we can infer a trans 
dipole moment of about 30 D for this particular 
QD. The Einstein A coefficient (spontaneous 
mission rate) of a QD in a medium is given 
5 ty = a ee = te 
me imaht ~ BaF 
‘where 1 (gg) is the elactve index ofthe me 
‘um (QD) and Yago is the spontaneous emission 
rate of a two-level quantum system in the vacu- 
tum (29), By taking = gp = 3.44 and inserting 
the experimental parameters and the 
dipole moment into the equation, 
3 = 190 Mille, which corresponds to a life ime 
oF about $40 ps. Assuming there is no other 
docay and no pure dephasing, this would lead to 8 
natural linewidth expected in the low-power ab- 
sorption spectrum also equal to $f = 190 MUlz, 
where 7 is the decay rate of level in Fig. 1A 
Compared to the extracted linewidth from the 
single-beam, low-power absorption data which 
is about S00 MHZ, Yup is smaller by a factor of 
bout 2.8. This diserepaney indicates that there is 
possibly a spectral wandering process that 
‘broadens the transition linewidth (30), This 
imerpretation agrees with our previous study on 
‘single charged QD, which also suggested the 
absence of pure dephasing 

We can also extract the exciton decay and 
dephasing rates from the AT splitting and My 
data. The solid lines in Fig. 2A are the theoretical 
fit of the AT spliting data assuming that ys 

=O, where y= (+ V2 + Tp Yyis 
the total dephasing rate, and Tis the contribution 
to the dephasing rate of the i transition from 
souiees other than spontancous emission. From 
the fits, we find and of (176. 16) MHzand 
(337 © 16) Miz, respectively. The theory fits the 
data very well and indicates that under these 
experimental conditions, the single QD behaves 


like a single atomic system. We also fit the MAS 
data to theory (25) (solid fines in Fig. 3A), The 
fitting yields #2 and % of (230 + 12) Miz and 


(315 = 45) MHz, respectively. The value of BE 
is within 10% of that extracted fiom the low: 
pump fick profile. The physical parameters from 
the MAS and AT splitting data show that the 
decay rate is almost twice the dephasing 
indicating no appreciable pure dephasing. We 
speculate that the reason for the discrepancy 
between the Einstein A coefficient determined 
fiom the dipole moment (above) and the f 
parameters is again due to spectral wandering 
‘which leads to a. fit of the theory that ov 
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estimates the population relaxation rate, How- 
ever, this remains under investigation 

‘The AT splitting and gain without inversion in 
the Mollow absoption spectrum imply that the 
absomption and gain inside a single QD are 
tunable, In the AT configuration, the absorption 
‘of the probe beam can be switehed on and off by 
applying a strong optical field. In contrast in the 
MAS experiment, the absorption of the frequen- 
¢y fixed probe beam can be tuned to be positive 
ngth. Our results are the 
realization of electromagnetically induced trans- 
pparency and lasing without inversion in the spin- 
based lambda system and suggest that QDs offer 
the potential to be used as elements in opto- 
clectronies and quantum logic devices (4, 27) 

Note added in proof: Since the submission 
‘of this paper, wo papers have appeared on 
huips//arxiv.org that report studies of the res 
‘onant excitation of quantum dots in the strong 
excitation regime. The first (37) reports a mea- 
surement of the fluorescence coretation func 
tion that Mollow first calculated, and the second 
(22) reports Rabi oscillations 
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Deep Ultraviolet Light-Emitting 
Hexagonal Boron Nitride Synthesized 
at Atmospheric Pressure 


Yoichi Kubota,* Kenji Watanabe, Osamu Tsuda, Takashi Taniguchi 


‘Materials emitting light in the deep ultraviolet region around 200 nanometers are essential in a wide- 
range of applications, such as information storage technology, environmental protection, and medical 
treatment. Hexagonal boron nitride (hBN), which was recently found to be a promising deep ultraviolet 
light emitter, has traditionally been synthesized under high pressure and at high temperature, We 
successfully synthesized high-purity HBN crystals at atmospheric pressure by using a nickel- 
molybdenum solvent. The obtained hBN crystals emitted intense 215-nanometer luminescence at room 
temperature, This study demonstrates an easier way to grow high-quality BN crystals, through their 
liquid-phase deposition on a substrate at atmospheric pressure. 


‘exayonal boron nitride (hBN) and cubic 
He nitride (CBN) are known as the 

representative crystal structures of BN. 
ABN is chemically and thermally stable and has 
been widely used as an electrical insulator and 
heat-resistant material for several decades: cBN, 
Which isa high-density phase, is almost as hard 
as diamond (/). 

Promising semiconductor characteristics 
due to a direct band gap of 5.97 eV were 
recently discovered in high-purity hBN crystals 
obtained by a high-pressure lux method, 
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paving the way for a material that e' 
emits deep ultraviolet (DUV) light ( 
Similar to aluminum nitride (AIN) (4) and 
gallium nitride (GaN) (5), BBN may have 
attractive potential asa wide-band gap material 
The layered structure of hBN makes the ma- 
terial mechanically weak, but it has greater 
chemical and thermal stability than GaN and 
AIN. The interesting optical properties of MBN, 
such as its huge exciton-binding energy (2), are 
ducto its anisotropic structure, whereas a sing! 
cerystal’s hasal plane in hBN is not easily broken 
because of its strong in-plane bonds. Thus far, 
the excitation of MBN by an accelerated electron, 
bbeam or by far-UV light above the band-xap 
energy shows various efficient luminescence 
‘bands near the band edge. 


However, the electronic properties of BN 
rear the band gp, which is fundamental infor- 
imation for developing DUV fight-emission ap- 
plications, are not yet fully understood, as seen 
boy the fact that the origins of the luminescence 
bands are still controversial (2, 6, 7), Two op 
posed models, a Wanner exeiton model and a 
Frenkel exciton model, have been proposed, The 
former model is based on results of the intrinsic 
absorption spectra near the band edge from pure 
single ryt (2), and the later model is based 
con theoretical calculations and a lumninesce 
study that used! powder samples (7) showing very 
intense impurity bands around 4.0 eV (8), 
According 10 work examining the correlation 
between impurities and defects and luminescence 
properties (8, 9), the intrinsic optical properties of 
samples are hindered by the extrinsic ones: if 
‘experimenters do not have careful control of the 
samples’ crystallinity and polymorphic pusity. In 
(athe strong $46-cV luminescence band, which 
is attributed to stacking faults (9), dominated in 
the region of the band gap, and the most i 
photoluminescence band at 215 1m, observed in 
pure single erystal, was not observed from the 
powder sample, Pure samples with high erystal- 
Tinity must be indispensable for developing this 
new material for DUV light-emitting applications. 
Because high-quality hBN crystals have so fir 
‘been produced only by high-pressure processes, 
itis important to discover an altemative synthesis 
scheme for conventional crystal growth at atmo- 
spheric pressure. 

DUV-luminous single-erystalline MBN has 
been ereated through the reduction of O and C 
impurities with the use of a reactive solvent of 
the Ba-BN system under high pressure (2, 
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Although the Bi-BN system isa usefil solvent to 
n high-purity HBN crystals under high pres- 
sure, the system cannot be used at atmospheric 
pressure, probably because of'the decomposition 
‘ofthe solvent itself at high temperature. A closed 
high-pressure system is required for using Ba-BN 
as a solvent, because the Ba-BN system is: un- 
stable at high temperature and is also extremely 
reactive with O and in the presence of humility at 
‘atmospheric conditions (8). 

BN is thermodynamically stable at high 
temperatures and at atmospheric pressure, There- 
fore, it should be possible to obtain high-quality 
ABN crystals at atmospheric pressure by using an 
appropriate solvent. Ishii and Sato reported the 
preparation of hBN single crystals by using a Si 
Mux under 1 atm of Nz (70). Although they 
the erystals showed sharp absorption 
/, DUV-emnitting properties were not 
‘observed, Because the hand<dge optical proper- 
ties are strongly affected by O and -C impurities 
(8), the emission characteristics. of their KEN 
crystals were probably affected by the C impurity 
mentioned in their report (/0) al we 
thesis of NBN erystals using a Na 
of No(12). They observed 
se spectrum of the hBN 
‘weak emission near 


4 cathodoluminese, 
With a peak near 3.8 
S.60V, 

variety of solvents have been studied for 
BN synthesis at high-pressure and high- 
temperature conditions: alkali and alkaline earth 
metals (/2, 13), their BN compounds (3,8. 14), 
and some transition metals (/5, 16), Because a 
solvent usefil for eBN growth may be usefil for 
ABN growth, we focused on transition-metal 
solvents, which do not decompose at atmospher. 
ic pressure, We recently established a reaction 
diagram of Ni and BN under high pressures ant 
found that KBN dissolves in-moken Ni and 
precipitates. as tiny eBN erystals, and also re 
crystallizes as hBN at high-pressure and 
temperature conditions (17) In the © 
vapor deposition process, Ni seems t0 have 
catalytic action that initiates the formation of the 
HBN (/8), A UV-luminous hBN- layer was 


al 


deposited on a Ni substrate, though the layer 
was not homogencous (/9). Yang etal. reported 
that their BN crystals were formed from a 
molten surface layer of Ni substrate, although the 
obtained crystals were only a few micrometer in 
size (20). They did not claim any information 
bout the optical characteristics ofthe products. 

Here we describe the synthesis of h 
{quality HB crystals under aumospheric pressure 
using a Ni base solvent. Although the gown 
crystals formed aggregates with dimensions of 
several hundred micrometers, intense DUV emis- 
sion was observed across the entire region of the 
grown crystal, 

Initially, we used a Ni disk as the solvent and 
deoxidized MBN powder as a starting material for 
the atmospheric-pressure synthesis of MBN (22), 
The materials were put into a erueible and heated 
a 1350" to 1500°C fora soak period of 12 hours 
in the furmace, Afler soaking. the furnace was 
cooled down ata rate of 4°C hour to 1200°C 

Colorless and transparent crystals with ath 
pltclike habit were found to grow on the surfae 
‘of the solidified Ni solvent. The obvained crystal 
surface was segmented by striae into triangular or 
hexagonal domains. The largest crystal was 
about 300 jum across, with thickness of a few 

werometers. The Raman spectrum ofthe erystal 
showed a single peak at 1365 cm™', which 
comexponds to the in-plane vibrational mode of 
WBN (22), with fall width at half’ maximus 
(EWHM) of 9.3 cmv. The yield of the reaction 
was, however, very low, and the recrystallized 
ABN was observed only on some small parts of 
the surface of the solvent 

The binary NicB and Ni-N phase diagrams 
show that approximately 30 weight "o (wt?) Bis 
in a liquid phase ar 1SS0°C (23), whereas the 
solubility ofN in liquid Ni is only 0.0012 wet at 
1350°C at 1 atm of No (24), Thus the yield of 
recrystallized hBN is controlled by the N solu- 
bility in the Tiquid phase of the Ni solven 
Kowanda and Speidel reported that the N sols 
bility of a liquid Ni-Mo alloy increases with 
increasing concentration of Mo: the addition 
Mo of 40 wt to the Ni solvent enhances the 


imm 


Fig. 1. Optical micrographs of recrystallized hBN obtained with 2 Ni-Mo solvent. (A) Typical hBN 


crystal on the solidified solvent (as grown). 


B) A fragment of aggregate hBN crystals after acid 


treatment (the inset is an optical micrograph of a recovered sample). The shiny white regions are 


reflected light. 
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solubility of N by 40 times as compared to that in 
the pure Ni (24). We thus added Mo to the Ni 
sohent so as to inerease N content in solution 

Many faceted platelike hBN crystals were 
obtained on the surface of the solidified Ni-Mo 
solvent (Fig, 1A), The thickness of the crystals 
gown was typically 10 ym, as characterized by 
‘optical microscopy. The largest hBN crystal ob- 
tained in this study was on the order of 300 um 
200 um. We found that the crystals were ag- 
gzegated and fully covered the surfice of the 
Ni-Mo solvent, which was 20 mm in diameter 
(Fig. 1B, inset). Although the grown erystals 
fragmented into several pieces during the acid 
treatment, the recovered crystal was transparent, 
colorless, and about 9 mun = 4 mm in size (Fig, 
1B). These results show that the Mo in the Ni-Mo 
alloy increases the yield of recrystallized hBN, 
probably by increasing the N solubility of the 
solvent. 

The Raman spectrum of the erystal shows a 
single peak at 1365 em” with a FWHM of 90 
cm ' (Fig, 2A), The FWHM of our high-quality 
IBN single crystals oblained by high-pressure 
mperature synthesis was 9.1 em, 
ing that quality of the erystal from the 
ast comparable to 
produced by high-pressure and 
ature synthesis, 

Figure 2B shows an x-ray diffiaction (XRD) 
profile of the aggregate crystals that were ground 
into fine powder. All the peaks can be assigned 
as those of hBN Goint Committee on Powder 


that of the ery 
high-temp, 
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Fig. 2. Characteristics of recysalized hBN grown 

ina NéMo solvent at atmospheric pressure. (A) 

Raman spectrum obtained from recrystallized hBN. 

(8) X-ay diffraction profile of recrystallized HEN 

after being ground to fine powder. arb., arbitrary. 
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Diffraction Standards card no. $4421), except 
the broad peak near 60°, which is attributed to 
the Si sample holder. 

Figure 3 shows typical cathodolumines- 
cence spectra of the MBN erystals grown with the 
Ni and NiMo solvents, The spectta were mea- 
sured at room temperature, Each spectrum ex- 
hibits an intense free-exciton luminescence peak 
at 215 nm that is characteristic of a high-quality 
NBN crystal (2), The shoulder structure around 
227 nm, which we attribute to a bound exciton 
‘caused by a sticking disonter, is relatively low, 
sugyesting that these erystals have: low stacking 
disorder (), Wealso observed weak broad bands 
around 300 nm, expecially in the Ni solvent 
system, which were probably due to residual 
impurities such as O and C (2, 8). His known that 
Mo forms carbide whereas Ni does not (25, 26), 
suggesting that Mo could play the role of the C 
getter in the Ni solvent. The reduction of C 
impurities in the erystals was achieved, as 
suggested by the les-broadband feature near 
300 nm. The dominant DUV band near the band 
edge at 215 nm reveals the low impurity content 
‘of our erystals 

Our results show that the atmosphei 
pressure Ni-Mo solvent system is as eff 


for the synthesis of high-quality MBN as are high- 
pressure and high-temperature solvent systems. 
‘We made direct quality comparisons of the emis- 
sion characteristics of the samples grown in this 
study and these grown at high pressures. The 
bband-cdge emission intensities of the both erys- 
tals were of similar order (Fig. 30), 

BN recrystallization using a metal solvent 
can lead to large-area deposition of high-quality 
ABN crystals on a substrate with the use of a 
liquid-phase epitaxy process under atmoxpheric- 
pressure conditions. In onder to examine the goth 
‘of a hBN crystal on a substrate fiom the solution, 
we added & sapphire substrate to the starting 
materials and appliod the same growth process 
as above, using the NiMo solvent. We observed. 
that BN crystals with smooth surfaces grew on 
the substrate (Fig, 4A). The cathodolumines- 
cence spectrum of the hBN erystals showed the 
similar dominant luminescence band at 213 nm 
(Fig. 3), Figure 4B shows the intense 215-nm 
Juminescence image at room temperature comre- 
sponding to Fig. 4. The intensity of the 215-nm 
band is uniform over almost all of the surfac 
The cathodoluminescence image of striae is 
substantially enhanced by the scattered 215: 
Juminescence in Fig. 4B, 


Fig. 3. Cathodolumi- 7 
nescence spectra of re- 

‘crystallized hBN at room 
temperature. (A) NBN 
‘obtained with a Ni sol- 
vent. (B) hBN obtained 
with a NisMo solvent. (C) 
Direct quality compari 
son of the emission char- 
acteristics. Solid tine, 
BN obtained with a 
NiMo solvent at atmo- 
spheric pressure (in this, 
study); dotted tine, HEN 
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‘obtained with a Ba-BN solvent at high pressure and high temperature (HP-HD. 


Fig. 4. images of hBN crystal grown on the a-plane sapphire substrate (obtained with 2 Ni-Mo solvent 
prepared at 1400°O. (A) Differential interference microscopic image. (B) Cathodoluminescence image 
for 215-nm band. We did not find any intensity change of the measured spectra between the grain 
boundary and the plane surface area when measuring the point-to-point mode of the cathodolumines- 
‘cence system, where the electron beam remained stationary and the measured luminescence was confined 
to the exposed spot area, 
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When Mo was added to the Ni solvent, the 
yield of recrystallized hBN was substantially 
increased because of the enhancement of N solu- 
bility in the NiMo system. The grown hBN 
xystals were of very high quality, exhibiting their 
hand-cdge optical nature of intense 215-nm 
luminescence, Consequently, we can establish 
an altemative synthesis route for lange amou 
of high-quality KBN crystals, as well as their 
liquid-phase deposition process on a substrate at 
atmospheric pressure, 
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Temporal Variability of the 
Atlantic Meridional Overturning 
Circulation at 26.5°N 
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The vigor of Atlantic meridional overturning circulation (MOC) is thought to be vulnerable to global 
warming, but its short-term temporal variability is unknown so changes inferred from sparse 
‘observations on the decadal time scale of recent climate change are uncertain. We combine 
continuous measurements of the MOC (beginning in 2004) using the purposefully designed 
transatlantic Rapid Climate Change array of moored instruments deployed along 26.5°N, with time 
series of Gulf Stream transport and surface-layer Ekman transport to quantify its intra-annual 
variability. The year-long average overturning is 18.7 + 5.6 sverdrups (Sv) (range: 4.0 to 34.9 Sv, 
where 1 Sv = a flow of ocean water of 10° cubic meters per second). Interannual changes in the 
‘overturning can be monitored with a resolution of 1.5 Sv. 


fining the size of the variability in 
D« i 2 fundamental presque 10 
understanding how it may be changing 
‘on climate-relevant time scales, Recently, it was 
suggested that the circulation has slowed. by 
30%» oF 8 Sv over the past decade, based on con 
ied hydrographic sec~ 
tions along 26,5°N (/), Coupled climate models 
suggest that there will bea decline in the Atlantic 
‘overtuming circulation as a result of increased 
‘COs in the atmosphere but that the change will 
be gmdual over this century (2). 1s the suggested 
8-Sv change in overtuming just the result oF intra 
annual variability in the circulation sample by 
‘each hydrographic section’? What size of a change 
in the overtuming can be reliably detected above 
the inta-annual variability? To answer such ques- 
tions, we define the size and structure of the 
intr-annual variability in the MOC at 26.5°N 
from 1 year of measurements by using the Rapid 
‘Climate Change (RAPID) mooring array (3). 
The 26.$°N Atlantic section is separated 
into two regions: a westem boundary region. 
here the Gulf Stream flows through the nar- 
row (80 km), shallow (S00 m) Florida Straits 
between Florida and the Bahamas. and a trans- 
atlantic mid-ocean region, extending trom the 
Bahamas at about 77°W to Affica at about 15°W 
(lig. S1), Variability in Gulf Stream flow is de- 
rived from cable voltage measurements across 
the Florida Straits (4) and variability in wind- 
driven surface-layer Ekman transport across 
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26.5°N is derived from QuikScat satellite-based 
‘observations (5). To monitor the mid-ocean flow, 
we deployed an array of moored instruments 
along the 26.5°N section (fig S2), The basi 
Principle of the array is to estimate the zonally 
integrated geostrophic profile of northward ve- 
locity on a daily basis fom time-series measure- 
ments of temperature and salinity throughout the 
\water column at the eastem and westem bound- 
aries. Inshore of the most westerly measure- 
ments of temperature and salinity, the transports 
‘of the Antilles current and deep westem bound 
ary cument are monitored by direct velocity 
measurements [supporting onfine material (SOM) 
text] 

We deployed the mid-ocean array from 
February to March 2004 and recovered it fom 
March to May 2005 (6, 7), The overlapping 


Fig. 1. Vertical profile of ° 


(m? 5, Dynamic height +1000) 
diflerence (east minus west 
in m? $*) divided by Cori- 
lis frequency (5%) equals 
transport per unit depth 200 


and is proportional to the 
‘onal geostophic velocity; 
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period when the entire array was working for 
its first year was 28 March 2004 to 31 March 
2005. We have since redeployed the array in 
spring 2005 and again in spring 2006. In this 
Report, we present results from the first year. 
‘The design of the RAPID array for monitoring 
basin-scale circulation was tested in numerical 
ocean-circulation models (¥, 9), and a com- 
anion paper (/0) demonstrates from the first 
‘year’s time series that five independently mea- 
‘sured transports (Gulf Stream, Ekman, boundary 
‘wedge, baroclinic, and barotrepic geostrophic 
transports) are in overall mass balance for time 
scales longer than 10 days, providing evidene 
that the monitoring system works (SOM text, 

‘To examine the intrt-annual mid-ocean baro- 
clinic variability in layers (Fig, 1), we estimated 
daily transports above 800-an depth (thermocline 
recirculation), between $00- and 1100-m depth 
(intermediate water flow), between 1100- and 
3000 depth (upper North Atlantic deep water 
for UNADW), and below 3000.n depth (lower 
North Atlantic deep water oF LNADW), We pre- 
fer to use 800 m as a boundary for the thermo- 
cline recirculation because this is the maximum 
depth of the Florida Straits; thus, all of the north- 
‘ward transport in the Gulf Stream and Ekman 
layer occurs above 800-m depth 

The time series of layer transports (F 
exhibit variability of about 3 Sv around theit 
time-averaged transports (Table 1): The SD in 
thermocline recirculation and LNADW is *2.7 
and 3.5 Sy, respectively. indicating the size of | 
the variability in baroclinic structure, Such var= 
inbility is smaller than the 6 Sy previously re- 
ported fiom a modeling study (//). Stil, the range 
in transpeats is large: The sourhwand themnoctine 
recirculation is as small as -6.6 Sv and as lange 
as -23.3 Sy, and the range in LNADW transport 
is from 1.0 to 182 Sv 


a 
zonally integrated meridi- i 
negative difference come- * 


sponds to southward velocity 
‘across 26.5°N. Reference 


levels are chosen so that = “I 

the vertically integrated mid 

‘ocean geostoghic transport 

equal the nora Guf sano 


‘Stream transport through 
the Florida Straits plus the 


a 3 
“Transport per unt dap (x 104 m2) 


a | 


average northward wind-driven Ekman transport across 26.5°N plus the boundary wedge transport. 
The profile of year-long average (dashed-dotted curve), the profile on 2 November 2004 during the 
extreme (dashed curve), and the maximum and minimum over the year at each depth (solid curves) 


are shown. 
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From March 2004 to March 2008, the Flor 
ida Straits transport is at its maximum in August 
(Fig. 3), typical of its long-term seasonal cycle 
(12). The year-long average transport is 31.7 Sv, 
tly fess than the longterm mean of 32.2 Sv 
(22), and the daily transport variations have a 
SD of 23.3 Sv (Table 2), During 2004-2005, 
the northward wind-driven surfice-layer Ekman 
transport has an annual average value of 3.0 Sx, 
smaller than the long-term mean Ekman trans- 
Port of about 3.8 Sv, duc in part to anomalous 
‘southward transport during February and March 
2005, Long-term records of Ekinat transport at 
265°N exhibit small seasonal variability (73), 
but from 2004 to 2005, the maximum northward 
Ekman transport occurs in December and Jan- 
ly variations in Ekman transport via 
data have a SD of #44 Sy. The mid- 
‘ocean thermocline reciteulation above S00-m 
depth is at a minimum in fate September and a 
maximum in December, 

‘The maximum overtuming, as is commonly 
used by modelers in their overtuming analyses, 
is defined here as the sum of northward Gull 
Stream, Ekman, intermediate water, and south- 
\ward themnocline recirculation transports, which 
ikives the maximum amount of northward trans- 
Port of upper waters (SOM text: maximum over- 
turning has an annual mean transport of 18,7 Sv 
With a SD of #5.6 Sv, The ovetuming reaches 3 
maximum value of 34.9 Sv in September, when 
the Gull Stream transport is near its summertime 
maximum and when the southward upper mid 
‘ocean transport is near its minimum value, The 
‘overtuming achieves a minimum value of 4.0 Sv 
in February when the Gulf Stream transport is 
fow, the Ekman transport is southward, and the 
outhward upper mid-ocean transport is rela 
tively strong, 

Gulf Stream, Ekman, and upper mid-ocean 
transport (Fig. 3) are nearly independent time 
series, an! there is no significant correlation among 
them. There ‘compensation inherent in 
the mic-ooean recirculation because the reference- 
level velocity depends on the size of the Gulf 
Stream transport plus Ekman transport on each 
day, but most of the transport compensation oc- 
‘cus in the deep-sater transports that have langer 
areas. The SD in upper mid-ocean transport 
y) is actually smaller than the variations 
in Gulf Stream (3.3 Sy) transport or Ekman 
G44 Sy) transport Therefore, the variance in 
the overtuming is nearly equal to the sum of the 
Variances, so each component contributes about 
equally 10 its temporal variability 

‘The most notable event in the yearong time 
series ly November 2004, when the 
deep southward flow of LNADW essentially 
‘ceased and there was a brief period of net north- 
‘ward transport of deep waters below 3000-m 
depth, In the time series of temperatures at the 
‘Westen boundary station (ig. S4), the signature 
‘ofthis event is a 700-m downward displacement 
‘of isotherms below 2000 m. The vertical profile 
of dynamic height difference (Fig. 1) shows 
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the sharp decrease in southward velocity in the 
deep water, as compared to the average pro 
In terms of water masses, the coki LNADW.| 
fectively disappears at the boundary. Even 
though the southward flow of LNADW stopped, 
there is not a large anomaly in overturning. This 
event is strongly baroclinic (Figs. 1 and 2): The 
thermocline recirculation is close to its average 
value whereas the southward flow of UNADW 


is langer than average, which compensates. for 
the lack of LNADW transport. Thus, the ov 
tuming (Fig. 3) is close to its mean value during 
this event 

There has been no comparable event ob- 
served in historical transatlantic sections (/4-/8), 
There was a sicep descent of deep isothenns off 
shore ftom the westem boundary in the 1987 
hydrographic section, but the isotherms recovered 


Fig. 2. Year-long time 
series of layer transports 
{for thermocline recircu- 
lation (ed), intermediate 
water (green), UNADW 
(ight blue), and LNADW 
(dork blue). Negative rans 
ports exrespond to south 
ward flow. 


‘her thay tun tal YAIg ¥Sep 1c INov "Dec Tan 1Feb 1Mar TApe 


‘Tene rom 29 March 2008 1031 Mavch 2008, 


Table 1. Mid-ocean layer transports (data reported in Sv). 


Water depth ‘Mean sD Minimum Maximum 
0 to 800 m (thermoctine recirculation) “16.9 27 233 6.6 
‘800 to 1100 m (intermediate water) 07 06 -13 23 
11100 to 3000 m (UNADW) 10.7 31 19.2 27 
Below 3000 m (LNADW) 18 35 18.2 10 


Flo Sats Tanapor 


poe tid Cora Tanager 


‘hor May Wun tal tAog Sep TO Nov Dec Wan TFeb Mar TApt 
“Tene om 29 March 2004 1 31 March 2005 


‘transport per unit depth down to the deepest northward velocity (~1100 m) on each day. Overturning 


transport is then the sum of the Florida Straits, Eeman, and upper mid-ocean transports and represents 
the maximum northward transport of upper-layer waters on each day (SOM text). 
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at the boundary, suggesting that there was a deep 
‘eddy of recirculating LNADW in this offshore 
region. With the westem station of the RAPID 
aay being so close to the westem boundary, 
there is no mom for a deep westem boundary 
current to be inshore of mooring WB2 (SOM 
text), 50 We do not consider this November 
2004 event to be an eddy. Within 500 km of the 
Bahamus, the dep westem boundary cument 
transport is absent at this time. 

In a recent paper, the strength of the MOC 
calculated trom hydrographic sections in 1957, 
1981, 1992, 1998, and 2004 was found to have 
reduced from 22.9 to I48 Sy, where the over- 
tuming was defined to be the net northward 
transport above 1000 depth (J). For the 
2004-200 time series, the overtuming shallower 
than 1000 m has a mean value of 19.0 Sv and 
a SD of 3.6 Sy. For the year-long time se- 
ries, the range in daily overturning incloales all 
hydrographic section estimates, suggesting that 
single hydrographic sections may represent 
‘only intrasannual variability rather than a long- 
tenn trend, The 2004 hydrographic seetion 
started atthe western bounkdary on 7 April 2004, 
‘when the thermocline recirculation was linge 
when LNADW transport was small (Fig. 2). 
and when the overtuming was small (Fig. 3), Thus, 
relative to the 2004-2005 time series, the 2004 
hydrographic section was taken during a period 
‘of low overtuming relative to the year-long aver 
age overturning. 

‘The temporal variability in the overtuming 
resulting fom fluctuations in the Florida Straits 
‘or Ekiman transports can be put into the context 
‘of long time series of such transports. The Flor 
ida Straits transport time: series goes back reliably 
to 1982, with some cable time series continuing 
to the 19805 and some dropsonde sections ex- 
tending to as early as 1964 (12, 19, 20). Sim- 
itary, the National Centers for Environmental 
Pradition reanalysis project (2/) archives wind 
stress values back to the 1950s. Thus, any: var 
‘ability in annually averaged overtuming, duc to 
changes in Florida Straits or Ekman transports 
‘of more than 1 oF 2 Sy, should be immediately 
recognizable, However. we lack a comparable 
Jong time series of mid-ocean transport against 
\which We might examine changes in mid-occan 
circulation that would affect the strength of 
the overturning. There are isolated hydrographic 
stations on the eastern and westem boundaries 
that provide some additonal information on lon 


term variability in mid-ocean transport (22), but 
these “snapshot” estimates of mid-ocean circu- 
lation all fie within the range of variability in the 
first year’s RAPID measurements. Without addi- 
tional historical estimates to increase the degrees 
of fivedom, it is unlikely that we will be able 
conclusively demonstrate a change in the over 
tuming circulation over the past 50 years 

In terns of the future detection of changes in 
‘overturning. the prospects are better, The 2004 
2005 time series define a year-long average up- 
per mid-ocean transport of -16.1 Sv with a SD 
of 3.1 Sv. Based on the integral time scales of 
variability (SOM text), the SE of the yearly 
average mid-ocean transport is about 0.8 Sv. 
Indeed, we can monitor the yearly average mid- 
‘ocean layer transports as well as the Florida 
Straits or Ekman transports. [f fiture years” time 
series exhibit similar intraannual variability, we 
shoukl be able to identify real interannual yar- 
ibility that is langer than 1.6 Sv in mid-ocean 
transport averaged over a year, Combining the 
mid-ocean Ekman and Florida Staits transports 
io a time series of the overtuming, we ean es 
timate the yearly average overtuming with a S 
(of about LS Sv. Thus, we can monitor the in- 
tcrannual variability in the overtuming at 26,5°N 
With a resolution of 1.5 Sv, For example, if the 
circulation passes through a bifurcation (23) or 
if the overtuming reduces by 25% [as coupled 
climate models suggest that it might under in- 
cereasing atmospheric COs concentrations (24), 
we shoukl also be capable of ientfjing the 
change relative to the 2004-2005 average, There 
may be interannual variability in the circulation 
and overtuming that woul obscure a trend, as 
found in coupled climate models (25); but, with 
longer time series of mid-ocean transports from 
the RAPID array (combined with continuing 
cable measurements of Florida Straits transport 
and satellite-based wind estimates of Ekman 
{transport} the interannual variability in Atlantic 
‘overtuming shouk! be defined with a resolution 
of LS Sy. 

‘Thus, although the intra-annual variability in 
the overtuming demonstrates that we are unlike- 
ly to conchisively identify past changes in the 
‘overtuming using only sparse basin margin den- 
sities at a single latitude. the observed temporal 
Variability defines the limit of our ability 10 
identify future changes. Fundamentally, we nocd 
longer time series of the overtuming to define its 
interannual variability, Ten additional years of 


Table 2. Component transports of the Atlantic overturning circulation (data reported in Sv) at 
26.5°N for the period 29 March 2004 to 31 March 2005. Overturning transport is defined as in Fig. 
3. The upper mid-ocean transport is defined as the minimum in southward transport of upper waters 
‘on each day. The average depth of the maximum transport is 1041 m (with a SD of +92 m). 


Component. Mean ‘Minimum Maximum 
Florida Straits transport 37 204 398 
Ekman transport 3.0 19 163 
Upper mid-ocean transport 161 233 35 
Overturning 18.7 4 349 
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‘unintemupted measurements would ensure that 
any seasonal cycles are well defined and would 
alo refine the nature of interannual variations, 
whether they are oscillations, trends, or sudden 
shifts 
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Observed Flow Compensation 
Associated with the MOC at 
26.5°N in the Atlantic 
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William E, Johns,” Molly O, Baringer,* Harry L. Bryden,” Lisa M. Beal,” 
Christopher S. Meinen,® Jochem Marotzke** 


The Atlantic meridional overturning circulation (MOQ), which provides one-quarter of the global 
meridional heat transport, fs composed of a number of separate flow components. How changes in 
the strength of each of those components may affect that of the others has been unclear because of a 
lack of adequate data, We continuously observed the MOC at 26.5°N for 1 year using end-point 
‘measurements of density, bottom pressure, and ocean currents; cable measurements across the Straits 
‘of Florida; and wind stress, The different transport components largely compensate for 

‘each other, thus confirming the validity of our monitoring approach. The MOC varied over the 
period of observation by +5.7 x 10° cubic meters per second, with density-inferred and wind-driven 
transports contributing equaly to it. We find evidence for depth-independent compensation for the 


wind-driven surface flow. 


he Atlantic meridional overtuming cireu- 
(MOC) consis of a near-surface, 
Warm northward flow, compensated for 


by a southward return How at 
the atmosphere makes the ly dense 
northward-flowing surface waters sink at high 
latitudes to feed the deep retum flow (7). The 
vertical temperature contrast associated with this 


Most of the observation-based estimates of 
Atlantic MOC strength are based on infrequently 
acquired zonal hydrographic sections. Because 
the frequency distribution of the MOC variability 
is unknown, long-term 

these snapshot sections (5) may not be represent- 
ative. Basic MOC characteristics, such as mag. 
nitude and time scales of natural variability (6), 


flow results ina northward heat transport of 13 
10! Wat 24°N (2), which noticeably moderates 
the Northeast Atlantic climate (3, 4), 


response to local wind-stress forcing, or the reka- 


tive importance of wind-stress and buoyancy fore 
ing on subseasonal-todecadkl time scales (7, 8), 


-1000 
-2000 
-3000 
-4000 


-5000 
77°W 76.5°W 76°W 


Fig. 1. Distribution of density (crosses) and bottom-pressure sensors 
(squares) of the RAPIDIMOCHA moorings at the western and eastern 
boundaries of the subtropical North Atlantic near 26.5°N that are used 
for computing the zonally integrated meridional geostrophic flow. 
Direct current-meter measurements at the western boundary (circles) 


25°W BI 
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quantification of the MOC’s spectral distribution 
and on understanding the physical processes 
imohed 

‘We analyzed MOC variability on subseasonal 


time scales using a1 
volume-transport March 2004 10 
March 2008, acquired in the framework of | 
rapid climate change’meridional overturnit 
circulation and heat flux array (RAPID/MOCHA) 
experiment (9, 10), To compute the MOC, the 
‘zonally integrated meridional flow across 26,5°N 
as a function of depth () was observed, The 
backbones of this effort are moorings that m 
aire full water-column profiles of density and 
‘ovean-botiom pressure at the westem and easter 
endpoints of the basin interior (Fig. 1) and on 
both sides of the Mid-Atantic Ridge (MAR) (fig, 
82), The castem-to-western boundary-density 
on of the 


difference allows for the comput 
temporal evolution of the basin-wide integrated 
_genstrophic-transport profile relative to 4820 dar 
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20°W 


15°W 


‘complement the observations in the upper part of the western-boundary 
continental slope. The location of the western- and eastem-boundary 
mooring sites and that of the Straits of Florida telephone cable can be seen 
in the insets. WBA, western boundary acoustic doppler current profiler; 
WBH, westem boundary homer; EB, eastern boundary. 
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(1, 12) [supporting online material (SOM), 
referred to as intemal transport (Tar). We ignored 
the presence of the MAR in the calculations of 
the geostrophie Now: however, its effect is as- 
sessed crudely in the SOM. Zonal differences of 
bottom-pressure fluctuations between adjacent 
stations provide the temporally varying, zonally 
integrated reterence-level contribution ofthe goo 
strophic flow (/1, 12) (SOM), refered to as ex- 
temal transport (Text). The meridionalransport 
profile over the continental slope west of mooring 
western boundary 1 (WBI) (Fig. 1, ket) -here- 
after refered to as westem-boundary wedge 
transports (Twsw)—was estimated fom direct 
‘current-meter measurements (SOM). Gulf Stream 
transports through the Straits of Florida (Tos) 
are monitored by National Oceanic and Atmo- 
spheric Administration (NOAA) submarine cable 
measurements (/3) (SOM). The coust-to-coast 
integrated wind-driven Ekman transports (Tex). 
‘confined to a thin layer atthe sea surface, are de- 
rived from spracebome seatterometry (14) (SOM), 


‘Thesum of Tex (geostrophiec reference-level 
contribution), Toer (relative eostrophic contri- 
bution), and Taw yields the geostrophic mide 
‘ocean transport fluctuations: ( Typ) integrated 

ross the transatlantic section, relative to a time 


ment is not required, in contrast 10 traditional 
hydrographic-section data analyses where mass 
conservation is imposed to derive absolute 
transports (5, 16). This gives us two altemative 
approaches to compute MOC fluctuations from 
the transport per-unitof<depth profiles: Te(2) * 
* Tez) and the 
Texl2) + Tas)* 
mass-conservation constraint. Our observing 
system allows us to study; (i) the onder of mag- 
nitude and time scales of MOC variability and (i) 
how compensation of volume fluxes is distib- 
uted vertically and accomplished among the 
different transport components. As we show 
below, (ii) is a prerequisite for (i). 

The fluctuations (time-mean-sublracted) of 
the vertically integrated profiles in Fig. 2A 
amounted to °83, 126, 1.1. 44, and 3.3. Sy 
(17, 18) for Tyer. Texts Twaw. Tex. and Tos. 
respectively, (Overbars denote transport inte- 
grated vertically over the entire depth range.) 
Assuming that mass i conserved across a trans 
atlantic section, ane would expect the different 
‘transport contributions shown in Fig. 2A to com- 
pensate for cach other. Asa first indication, Tper 
and Text display negatively correlated fluctua- 
tions on monthly time scales. On the other hand, 
‘on daily to weekly time scales, none of the con- 
tributions can possibly compensate for the lange 


=10 boundary —~ 
_js|__1_ transport 1, _$£anspor$ 1 
O1May —-Otaul_~—=S=«T.Sep—OL.NOv.—Ofan—_—O1.Mar 
2004 2005 


Fig. 2. (A) Fluctuations of Tan, red; Text, blue; Twew. orange; Tex, green; and Tes, magenta (table 
'52). There is a 2-month gap in Tes between 31 August and 29 September 2008. All time series were 
2-day low-pass filtered and subsampled on a half-daily grid. The initial sampling rates were 15 min 


for the underlying density and current measurements and 10 min for the bottom pressur 


Filteen-day low-pass-filtered fluctuations of vertically integrated mid-ocean (Tuo = Tat + Ten + 


Twew) and boundary transports (Teouuo 


Tex + Tes) as black and gray Gnes, respectively. The dashed 


SE Se is ee Ca ae eo mee ees Seer rape bee 
no 


‘and Teouio Was used to fill this gap (SOM). 
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variability seen in Ter 8.0 Sv when applying 
10-day high-pass fiker). Thus, in the high- 
fiequency limit, zero net flow across the section 
isnot a good approximation, 

Because flow compensation for the different 
‘components occurs during periods longer than 10 
days (fig. SI), we restricted the analysis to low 
fiequencies by applying a 15-day low-pass filter 
to the transport components, Afier filtering, 
fluctuations amounted to =7.4, 9.1, 1.0, 39, and 
3.4 Sv for Tiwt. Text. Twaw. Tex, and Tos, 
respectively. We observed a maximum negative 
contelation of -0.83 between Tier and Text at 
zero time lag. It appears plausible that random 
boundary-density fluctuations affecting Tiyr, 
primarily caused by Rossby waves. impinging 
‘onto the westem boundary (6) or by boundary 
‘waves propagating southwanl, act to create a 
‘mass imbalanee, whereas Trey. being composed 
of depth-invariant-_ motions (SOM), responds 
Quickly to maintain mass balance. Tyo and the 
sum of Tex. and Tas (referred to as western 
and surface-boundary transport Tpouno ) display 
a negative correlation of -0.74 (ignoring, the 
period from September to October 2004 when 
Tes was not measured) (Fig. 2B), The fact that 
Tuo and Trouxo (being completely indepen 
dent measurements) strongly compensate for 
cach other demonstrates that our MOC observing 
srategy, using moorings atthe section end points 
only to monitor Tyo (2). is success 

Tos and Tex are essentially uncorrelated 
0.04). However, compensation for both in 
qual shares ix provided by Tuo. with cach 
showing a similar amount of negative eorre- 
ation 0 Two (0.47 for Tos and -0.3S for 
Tex. Tex displays a weak but sigi 
negative correlation (9) t0 Texr (-0.3 
‘an insignificant comelation to Tier (0. 
compensation for Tp is primarily 
provided by Tier: Because the 2-month gy in 
Taoura) would have limited our analysis 
months, we filled the gap (Fig. 2B) by mea 
a linear regression between Tyo and Tpouno 
(SOM). 

There is a mass imbalance in the_un- 
constrained total transport, defined as Tyo + 
Taouxo (Fig. 2B), akhough it amounts 10 only 

34 Sy, compared 10 49 Sv for Tyounn 
caving out the period fiom Seplember to 
October). Uncertainties of the five measurement 
components yiekling *2.7 Sv (SOM) aceount for 
a substantial ps mbalance. The remain- 
ing 22.1 Sv (V3.4 ~ 2.7° Sv) of the imbalance 
jencies, such as the flow 


and the role of he MAR in possibly upsetting the 
balance between the coast-to-coast integrated 
‘meridional flow and the coast-to-coast pressure 
ssadicnt not being assessed. Observed transport 
Muctuations through the Bering Strait (20) 


suggest that an imbalance of 0,66 Sv across 
26.°N on intraannual time scales may exist 

We infeed MOC-ransport variability from 
the vertical distribution of meridional-transpont 
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Muctuations. Over the 12-month period, the 
‘cumulative unconstrained total transport Nuctua- 
tions (integrated upward fiom 4820 dbar toward 
the sea surfice) show fluctuations of 3.9 Sy at 
3600) dbar, have their peak value of =5.7 Sv at 
1040 dar and reduce to =3.0 Sv at the sca 
surfice (Fig. 3). Given that we observed the 
maximum value near 1000 dbar, the transports 
serated between 1000 and 4820 dbar will be 
referred to as MOC transports, following the 
traditional view that the MOC represents ao 
layer flow. The small change in the cumulative 
transports at mid-depths (between 3600 and 1000 
bar) suggests that the MOC variability is 
dominated by near-bottom and upper-ocean 
contribution: 

‘We computed the MOC variability using the 
traditional approach 10 infer MOC transports 
from hydrographie-section data (5, 76), Instead 
of using Texi(2). We imposed an aeross-section 
zero-netlow constraint at each time step by 
‘adding « depth-independent compensation. This 
allowed us (i) to estimate the relative importance 
‘of the density-inferred and locally wind-stress 
driven contributions an (i) 0 test the reliability of 
the traditional method by comparing it t the 
above unconstrained MOC estimate. To isolate the 
_geostrophic contribution tothe MOC, we assumeat 
Tex(:) to be time-invariant. Thus, we constraina 
the vertical integral of Tase(=) * Twuow(=) © Tas) 
tobe zero at each time step (Fig. 3, light blue line) 
and relerred 10 it as constrained total geostrophic 
Transport, assuming Twaw(=) and Tas) to be 
largely in geostrophic balance. This MOC 
transport contribution neglecting Tyx(=) varies 
by ©A.1 Sy, peaking at 1160 dar 

‘The constrained tow transport [Zero-net tho 
‘vont imposed on Tet) * Twat) * Tex) * 
Tos(2)| displays an Ekman-induced strony. in- 
crease in near-surface variability (Fig. 3, orange 
fine) with a maximum value of AS Sv at 920 
plitude and the gradual inerease 
nan layer are similar to the uncon- 
ned total transport. However, with ony 
at 3600 dhar, the cumulative constrained total 
transport shows a nearly uniform (rather than 
depth-intensified) increase between the bottom 
and the depth of maximum. variability, as 
‘compared with the uniconstrained transport. The 
fact that the peak-level amplitude of the con- 
strained total Now is slightly less than that of the 
unconstrained total Now can partly be explained 
by having considered only the baroclinic ow 
‘between WBI and WB2 in the constrained 
solution to simulate the traditional approach of 
inferring MOC transports (SOM). 

For each of the cases, MOC-transport time 
series are computed (Fig. 4). The unconstrained 
MOC fluctuations (Fig. 4, black line) cover a 
range of 28.3 Sy. For the constrained total 
gcostrophic (Fig. 4, light blue line) and total 
(Fig. 4, orange line) MOC contributions, the 
ranges are 21.8 and 24.7 Sy, respectively. The 
correlations between the unconstrained total 
MOC transport and the constrained total geo 
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strophic and total MOC transport yield 0.60 and 
0.82, respectively. Not only do the overall 
magnitudes of the unconstrained and constrained 
{otal transport variability agree (Fig. 4. black and 
‘orange lines), but their temporal evolutions are 
similar, too, Thus, deriving MOC yaniability 
from constrained flows [computed from contin- 
uous observations of Trer(2) Two). Text): 
and Tes(=)] appears to be a reliable technique for 
periods longer than 13 days. Also, as noted 
earlier, Text shows a weak negative correla- 
tion t0 Tex. When including Tpx(=) into the 
constrained solution [which excludes Texxr(=)) 
the correlation between the resulting MOC 
transport and that from the unconstrained solu- 
tion [which uses Texcr()] increases. We therefore 
‘conclude that the depth-independent compensa- 
tion for Text is partly contained in Text (7) 
In conclusion, the section-wide integrated 
Twol2) and Taouno(=) largely compensate for 
seach other. This is strong evidence that the end- 
‘point mooring approach to continuously monitor 
the MOC is valid. A net flow imbalance of 3.4 
Sv remains. which is mainly attributable to mca- 
surement errors of =2.7 Sv. However, a time 
Variable transport imbalance of =0,66 Sy may 
actually exist, associated with Bering Strait 
throughflow (20), The measurement uncertainty 


Fig. 3. Standard deviation 9 
‘of cumulative-transport 
fluctuations integrated 
upward from 4820 doar. 
The black line shows the 
‘cumulative total uncon- 


in MOC fluctuations should amount to only *2.0 
‘Sv and consequently be smnaller than the top-io- 
botiom integrated *3.4Sv imbalance, because 
only the Now deeper than 1000 dbar needs to be 
considered (SOM). 

During periods shorter than 10 days, fluctua 
tions of 8.0 Sy in Texq_ remain uncompensated 
for. Recent evidence fom Tpxr observed in an 
experiment at 16°N indicates that the high- 
fiequency fluctuations exhibit spatial correlation 
scales of more than 1000 km (2/). For the high- 
fiequeney flow to be unbakineed would require 
the average water-column height of the North 
Alantic to Muctuate coherently by #2 t0 3 em 
during periods <10 days: for which indications 
have been found! (22, 23), 

AL 265°N, much of the observed compen- 
sation of the (zonally integrated) flows ix 
expected to take place close to the westem 
boundary (24); however, this may not hold at 
ther latitudes (/1, 25). 

Both the unconstrained and constrained total 
transports display maximum cumulative varia- 
bility (from the bottom up to 1000 dbar) of °5.7 
and °4.8 Sv, respectively, with the former 
showing nearbottom intensified variability 1 
sulting fom zonally non-uniform contributions 
in Texr(2) over variable topography (which the 


strained transports Tan) + 
Toole) + Twn + Tos + 
Teall. For the remaining 
{wo curves, a constraint of 


Ter Toew Tent Toe 
Toe Taowt Ty 0, 
Tae Taont Tea Ton Const 


2210 net flow across the 
265°N section was im- 
posed at each time step. 
The cumulative constrained 
total ata) + 
Taww/2) + Toste)] and con- 
strained total Uyql2) + 
Tyawl2) + Text) + Tes 


transport fluctuations are 
displayed as light blue 


= 


a ry $ 6 
“Tanspon [Sv] 


‘and orange lines, respectively (table $3). All time series were 15-day low-pass filtered. 
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Fig. 4. MOC-transport fluctuations: cumulative-transport variability at 1000 dbar (integrated 
upward from 4820 dbar) for the three different cases displayed in Fig. 3. 
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constrained MOC transport does not account 
for), The presence of the MAR his not been 
accounted for in our calculations. Including 
moored-density and bottom-pressure- measure 
iments on both flanks of the MAR allows for the 
computition. of Tyof=) below the MAR crest 
independently for the western and eastern basin 
(lig. $2). However, the effect of this on the 
temporal evolution of unconstrained MOC time 
series is rather small (ig. S3), with the. 
between calculations taking into account and 
neglecting the measurements on the MAR flanks 
varying by 1,1 Sv (SOM). 

Fluctuations in Tix of 3.9 Sv do not dom- 
inate MOC variability on subscasonal time scales 
at 265°N, Rather, we observe an equal share of 
variability between Ekman and density contribu- 
tions, with the constrained total geostrophic MOC 
solution (exehuding Tie ) displaying =4.1 Sv. We 
have presented evidence that the depth- 
independent compensation for Te, is partly 
contained in Teer. We have demonstrated! the 
Validity of our MOC-observing approach and 
described previously unobserved basic character- 
istics of the MOC variability near 26.5°N in the 
Allantic after 1 year of continuous observations. 
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Reduced Egg Investment Can 
Conceal Helper Effects in 
Cooperatively Breeding Birds 


‘A. F, Russell,"** N, E, Langmore,” A. Cockburn,” L. B, Astheimer,* R. M. Kilner 


Cooperative breeding systems are characterized by nonbreeding helpers that assist breeders in 
offspring care. However, the benefits to offspring of being fed by parents and helpers in 
‘cooperatively breeding birds can be difficult to detect. We offer experimental evidence that helper 
effects can be obscured by an undocumented maternal tactic. In superb fairy-wrens (Malurus 
ceyaneus), mothers breeding in the presence of helpers lay smaller eggs of lower nutritional content 
that produce lighter chicks, as compared with those laying eggs in the absence of helpers. Helpers 
‘compensate fully for such reductions in investment and allow mothers to benefit through increased 
survival to the next breeding season. We suggest that failure to consider maternal egg-investment 
strategies can lead to underestimation of the force of selection acting on helping in avian 


cooperative breeders. 


coopenitive breeding systems, offpring 
receive food from helpers in addition to their 
parents. Although parents can reduce the 
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rate at which they feed their offspring in the 
presence of helpers. this reduction is usually 
incomplete, and so offspring receive more food 
When helpers are present than when they are ab- 
sent (2) Given that offspring receive more fod 
when also provisioned by helpers, itis curently 
unclear why many long-term studies have failed 
to detect helper effets on offspring growth and 
survival (2) oF have detected only weak effects 
(3). This failure to document the benefits to off 
spring has prompted hypotheses proposing that 
helping behavior isan unselected consequence of 
physiological priming to provide care to beyging 
offspring (4), is contingent on future reciprocity 
(5), ois a form of “rent payment” (6). These 
aematives are problematic because helping has 
bbeen shown to be costly (7) and strategically 
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directed to maximize benefits (3, 8), cooperative 
breeding based on direct reciprocity is inher- 
cently unstable (9), and rent payment occurs 
‘under conditions that will be seldom met (10). 
In cooperative breeding systems, securing 
and maintaining a breeding. position is paticu- 
larly challenging but offers substantial fitness 
benetits (77), Consequently, breeders: might be 
expected to be under strong selection to reduc 
their investment in each reproductive attempt in 
fonder 10 increase the number of attempts that 
they can have in a tifetime. For example, one of 
the most commonly reported helper effets in 
avian cooperative breeding systems is load light- 
ning, where breeding females reduce offspring 
‘provisioning with inereasing helper numbers (1) 
Load lightening could also occur at the ewe stage 
(12), However, despite growing evidence from 
noncooperative species that female birds can 
adaptively manipulate investment within exes 
(23), this possibility has not been explored in 
cooperatively breeding species, Furthermore, 
hypotheses regarding such adaptive maternal 
cu investment typically predict that mothers 
should increase their level of within-ewe ine 
vestment when breeding in favorable conditions 
(14,15). Yet its also theoretically plausible that 
mothers breeding in privileged. circumstances 
(in this case, with the benefit of helpers) might 
also benefit from reductions in exe investment, 
if the future fitness payofls from doing so ex- 
cved the current fitness payoffs from increasing 
egg investment, If mothers reduce their invest- 


‘ment in eggs when breeding in the presence of 


helpers, then any benefit that helpers might 
have on offspring condition and survival will 
be masked, 
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We tested (i) whether helper presence is as- 
sociated with reductions in matemal investment 
at the egg stage, (ii) whether these reductions 
confound estimates of helper contributions to 
nestling, mass, and (iii) whether maternal reduc~ 
tions are adaptive. We investigated these ques- 
tions in the cooperatively breeding superb 
fairy-wren Malurus cvaneus, a passerine bint 
‘endemic to southeastem Australia, whose social 
rating system comprises both breeding. pairs 
and cooperatively breeding groups (/6). Previ- 
‘ous work on this species has shown that nest! 
ings receive more food in the presence of helpers 
(17), but despite this pattem, helpers: have no 
eflget on the mass. or survival of chicks (78). 
The same was true in our study population (16). 
Chicks that were provisioned by a breeding pair 
with helpers received 19% more food than did 
those that were tended by an unassisted breed- 
ing pair (Fig. 1A). Nevertheless, chicks rwared 
by groups were of similar mass to those reared 
by pairs alone (Fig. 1B), There were no obvious 
differences in prey loads or species fed to chicks 
in pairs and groups (19) 

Consequently, we investigated whether mothers 
reduced their investment in eges when breeding 
in groups. Clutch size and mean ege volumes 
were uncorrelated [linear mixad-cffect_ model 
(LME) controlling for repeated measures within 
territories: 7)° © 0.01, P= 0.91, N= 68 clutches}, 
an! clutches were similar in size in both wroups 
and pairs [LME, 7 = 0.29, P= 0.59, N» 68 
clutches}. In contrast, mothers breeding in groups 
Jaid exus that were 5.3% smaller than ees from 
those breeding in pains (76) (Fig. 2A). Exus laid 
by females in groups were also of lower nue 
tritional content than those laid by females in 
pairs (16). Helpers were associated with a 14% 
rexluction in the wet mass of yolks (Fig. 2B) and 
41 9% reduction in the dry mass of yotks (Fig 
2), indicating that the reduction in ewe volume 
\was not simply due to reductions in albumen or 
Furthermor:, the dried yolks of 
Inid by females in groups had 122% less Fipid 
and 13% less protein than did those laid by 
females breeding in pairs (Fig. 2D), suggesting 
that mothers invest less energy in their eges when 
breeding in the presence of helpers. 

Further analysis of our observational data 
sugyests that this reduced matemal investment 
al the egg stage conceals helper effects on chick. 
‘growth (/6), Firs, small egus gave rise o small 
chicks (measured 6 to 8 days aller hatching) 
(Fig. 3A), Second, alter controlling for the dif= 
ferences in exe volumes between groups and 

irs (Fig. 2), we found that helpers had a 

ignificant positive effect on chick mass (Fi 
3B), The magnitude of this latter helper eflect 
‘equates to an 18% inerease in chick mass, sug 
zestively close 10 the 19% increase in food that 
chicks received when provisioned by helpers 
(Fig, 1A). 

‘To test fully the possibility that reduced ma- 
temal investment obscures helper effects, we 
‘conducted a eross-fostering experiment invol\= 
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presence and (A) chick provisioning 
fates or (B) cick mas. (A) Helpers g 2p 
had a positive effect on the rate at 

which chicks were provisioned | 3s 
eral finear model GUN Fase = § 
5.82, P = 0.027, r° = 10%). @)  F ? 
Helpers had no effect on chick mass 
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(GUN, Fixe = 0.00, P = 0.97). 
Brood size was fitted as a covariate 


"Pair only Plus helpers 


Pair only Plus helpers: 


‘in (A), a5 was tarsus length in (B) The predicted means + SEM (error bars) are shown, The values in each 


P = 0.031, r* = 19%). The 

territory identity (1D) was = aoe 

fitted a5 a random factor (1 i 
oo». 


to 4 clutches per teritoy), 
the year was fitted as a 
‘covariate in (A), and the lay 


a 


Lipid Protein 


date was fitted as a covariate in (A) to (D). The predicted means + SEM (error bars) are shown, The values 
in each bar are the numbers of independent breeding units. 


ing permanent reciprocal translocation of com 
plete clutches between females before hatching 
(16). There were two experimental treatments 
{yone in which clutches were moved fiom nests 
‘of pais to nests attended by groups and. vice 
versa (experimental treatment) and (ii) one in 
Which clutches were swapped between nests 
attended! by the same number of adults (control 
treatment). Fist, if mothers reduce their exe 
investment in the presence of helpers. we Would 
‘predict that chicks from eggs laid in groups and 
reared in pairs (axp-pr. Fig. 3C) would be siz- 
nificantly Tighter than either control chicks or 
those laid in pairs and reared in groups (pe-2m, 
Fig. 3C), In support of this prediction, chicks 
arising from ewes that were laid in groups and 
reared in pairs were significantly lighter than 
those from the other two treatments (Fig. 3C). 
‘Second, our cross-fostering experiment also con- 
fied that matemal reductions in eve investment 
‘wholly conceal helper effects. We found that the 
can mass of nestlings in the foster territory 
declined as the number of males in the natal 
territory increased (prenatal-ffcet size = 0.54 » 
0.18) (Fig. 3D). However, this negative effect 
was completely offset by the positive influence 
of the provisioning rate of foster males (posinatal- 


effet size = 0.36 = 0,18) (Fig. 3E), which was 
itself significantly influenced by the number of | 
foster males contributing (Fig. 3F). Taken 
together, these results confim that provision: 
ing frequency is a reliable indicator of chick 
caloric intake and that the benefits to chicks of | 
receiving food fiom helpers are concealed by 
reductions in egw investment by females with 


helpers 
Given that, in other cooperative breeding sys- 
toms, offspring of low mass are shown to have 


reduced chances of recruitment (20) and low 
future reproductive success (27), why do females 
‘breeding in the presence of helpers lay exes that 
yick! suboptimal offspring? We know that the 
durations of incubation and chick rearing are 
inflexible in super faiy-wrens and so ane un- 
influenced by helper presence (76, 18), One pos- 
sibility is that mothers are constrained from 
optimal allocation of resources inio ewes beca 
of competition with helpers for food in thei t 
ritory. Ahematively, females breeding in groups 
‘might exploit helper contributions to nesting mass 
by reducing their own investment in reproduc- 
tion to save resources for future breeding. at- 
tempis. The later explanation is more strongly 
supported by our evidence. 
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‘Moan chick mass (a) 


Egg volume (mm) Paironly Plus helpers 


Fig. 3. Correlational and experimental evidence for maternal and helper 
effects on nestling mass (A to E) and male-number effects on overall male 
provisioning rates (F). (A) Chick mass increased with egg volume (GUM, 
F,1a = 15.86, P = 0.003, r? = 20%). N = 17 broods. (B) After controlling 
for differences in egg volume, chick mass was influenced positively by 


helper presence (GLM, Fa.1« = 7. 
varied between treatments (GUM, Fr.2« 
‘9tP-pr, eggs Laid in groups and reared in pair 


5; PF xp, eggs laid in pairs 


9%). (C) Chick mass 
19%). 


‘and reared in groups. (D) The mass of foster chicks declined with the 
umber of males in their natal territory (GUM, Fi.24 = 9.15, P = 0.006, 
1? = 15%). N = 27 nests. (E) Chick mass increased with the provisioning 
rate of males in their foster territory (GUM, Fy.x« = 5.59, P = 0.033, 7? = 
10%), N = 1B nests. (F) The rate at which chicks received food from 
foster males increased with the number of fster males (regression, Fars = 
12.28, P = 0.003, ? = 40%). N= 18 nests. The tarsus length [(A) and (C 
to E)], lay-date (A), mean egg volume (B), and number of males in the 


3 
i 
i 
i 


natal territory (E) were fitted as covariates. The predicted means + SEM 
(error bars) are shown. The scatter plots show the predicted values, and 
the values in each bar in (B) and (Q) are the numbers of independent 
breeding units. 
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Paironly Plus helpers: 


Fig. 4. Relation between helper presence and fe- 
male survival probability, Females had an increased 
probability of survival to the following breeding 
Season when they bred in the presence of helpers 
{GUMM, 4,7 = 12.13, P < 0001). pple 
rainfall were fitted a5 covariates, and maternal 
identity was fited as a random factor. The predicted 
means + SEM (eror bars) are shown. 


First, females presented with experimentally 
enlarged broods increased their provisioning 
frequency w a similar extent imespective of 
\Wwhether they were in groups or pairs (6). ine 
icating that extra group members do not con- 
strain females from inereasing investment 
econd, analysis of data from the 19-year study 
‘of an unmanipulated neighboring population 
(16) revealed that when females bred in the 
presence of helpers, they had a 22% hazard or 
until the following year, but when 
they bred in the absence of helpers, this risk 
eased 10 33% Helpers are therefore asso- 
ciated with a 30% reduction in mortality risk for 
mothers (Fig. 4). Relations between helper 
numbers and adult survival could be spurious, 
hecause territories that promote survival are 
likely to accumulate philopatric helpers (I, 2) 
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However, we found no evidence that breeding 


ar = 0.02, P 
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fect of hspcrs on females causal and oper 5. 0 ape SU, Hoe 274 96 (97 
= = AL Gaon, am not 2, 1091 97. 
ates in par through a path primarily accessible A} ion Amma 332, 10980970, 


to Remakes in this ease, strategic reductions in 
egg investment 

We have shown that in supert fairy-wrens, 
mothers reduce egg investment when breeding 
in the presence of helpers and that the subse- 
«quent underiourishment of the young at hatch- 
ing wholly conceals the positive effect of helper 
‘contributions to nestling mass. The critical factor 
that will select for matemal reductions in exe 
investment in a cooperative bird is a predictable 
workforce 10 assist in provisioning young, for 
this will allow females to make informed de- 
cisions at the egg-laying stage conceming how 
much food their chicks will receive after hateh- 
ing (22). This is tre of most cooperative birds: 
The number of helpers present from the onset of 
egg laying accurately reflects the number of 
helpers available to feed the offipring after hatch- 
ing (23). We therefore predict that load lighten- 
ing of matemal investment at the egg sage will 
bbe a general phenomenon in cooperative birds, 
as is the case with matemal load lightening at 
the chick-provisioning stage (/, 2). We conclude 
that all studies conducted on species in which 
hhelper numbers are predictable from the onset of 
‘breeding have the potential to underestimate the 
contributions mage by helpers to nestling con- 
ition andor matemal survival. Such studies 
will overlook the significant benefits that helpers 
stand to gain from brexing cooperatively through 
kin selection if helpers are elated to breeders (24) 
(or group augmentation if they ane not (25), 
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A Whole-Genome Association 
Study of Major Determinants 
for Host Control of HIV-1 


Jacques Fellay,? Kevin V. Shianna,”* Dongliang Ge,** Sara Colombo,”* Bruno Ledergerber,** 
‘Mike Weale,** Kunlin Zhang,? Curtis Gumbs,* Antonella Castagna,” Andrea Cossarizza,® 


‘Alessandro Cozzi-Lepri,’ Andrea De Luc 


hilippa Easterbrook,” Patrick Francioli, 


‘Simon Mallal,* Javier Martinez-Picado, ” José M. Miro," Niels Obel,™* Jason P. Smith,? 
Josiane Wyniger,® Patrick Descombes,*® Stylianos E. Antonarakis,"* Norman L. Letvin,”” 
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Understanding why some people establish and maintain effective control of HIV-1 and others do 
not is a priority in the effort to develop new treatments for HIVIAIDS. Using a whole-genome 
association strategy, we identified polymorphisms that explain nearly 15% of the variation among 
individuals in viral load during the asymptomatic set-point period of infection. One of these is 


found wit 


‘an endogenous retroviral element and 


‘associated with major histocompatibility 


allele human leukocyte antigen (HLA)-8"5701, whereas a second is located near the HLA-C gene. 
‘An additional analysis of the time to HIV disease progression implicated two genes, one of which 
‘encodes an RNA polymerase I subunit. These findings emphasize the importance of studying 
human genetic variation as a guide to combating infectious agents. 


mans. show remarkable variation in 
Hoes 
specially in the clinical outcome after 
nfvction. One striking and langely unexplained 
difference is the level of citeulating virus in the 
plasma during the nonsymptomatic phase pre- 
cveaing the progression to AIDS. This is known as 
the viral set point and can vary among individuals 
by as much as 4 to 5 logs (7-6). We aimed to 
fy human genetic diferences that influence 
this variation 
‘To define a homogencous phenotype for we- 
netic analyses, a consortium of nine cohorts was 
formed [tenmed Euro-CHAVE (Center for HIV, 
AIDS Vaccine Immunology) (7) and a total of 
30,000 patients were screened to identify those 
most appropriate for analysis. All longitudinal 
Viraload (VL) data were assessed through a 
‘computerized algorithm to eliminate VL not re- 
flesting the steady state and were individually 
inspected by an experienced infectious-disease 
clinician (Fellay) to exclude suspicious: VL data 
‘and patients that do not show a clear set point, 
Jeaving 486 patients with consistent and accu- 
rately measured phenotype (7). For patients with 
at least four CD4 cell-count results, we defined a 
progression phenotype as the time to treatment 
initiation oF to the predicted or observed drop of 
the CDS cell count below 350 (7, 8). 
Al saniples were genotyped with the use of 
{Mlumina’s Human taps 
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‘of quality-control steps resulted in the efimina- 
tion of 20,251 polymorphisms (7). We applied 
methods to identify deletions and targeted copy- 
number variations and 1 assess whether they 
influenced the phenotype (7). Our core association 
analyses focused on singke-marker genotype-trend 
tests of the quality control-passed SNPS, using 
linear regression (7), To control for the possibility 
‘of spurious associations resulting from population 
stratification, we used a moificd EIGENSTRAT 
method (7, 9. We assessed significance with a 
Bonferroni comection (P cutoll = 9.3 * 10%). 
Analyses incorporating /numan leukoxste antigen 
(HLA) typing were carried out on a subgroup of 
187 patients with available foursigit HLA class 1 
allelic determination 

‘These analyses identified two independently 
acting groups of polymorphisms, associated with 
HLA Wosi B and C, that are estimated 40 explain 
9.6 and 6.5% of the total variation in HIV-1 set 
‘point, respectively, and can thus be considered as 
major genetic detenninants of viral set point. A 
third set located >1 Mb away in the major his- 
tocompatibility complex upstream of a gene that 
cencoxkes an RNA polymerase I subunit explains 
5.8% of the total variation in disease progression. 
Together, the three polymorphisms explain 
14.1% of the variation in HIV-1 set point 

One polymorphism located in the HLA 
complex PS (HCPS) gene explains 9.6% of the 
total variation in set point, despite a minor-alle 
frequency of 0.05 (Single Nucleotide Palymar- 


phism database number 32398029, P= 9.36 
10°), A single copy of the controlling allele was 
found to result ina reduction in VL of >1 kag 
(Fig. 1); at P= 9.36 © 10°, this genome-wide 
association is significant, 

The HCP gene is located 100 kb centromer- 
ic from HLA-B on chromosome 6 (Fig. 2), and 
the associated variant is known to be in high 
linkage disequilibrium (LD) with the HLA allele 
B*5701 (10) (7? = Vin our data set). This allele 
itself has the strongest-deseribed protective 
impact on HIV-1 disease progression (17) and 
has been associated with low VL (12) 

Given the strong functional data supporting @ 
rwle for HLA-8*5701 in restricting HIV-1, our 
first hypothesis is that the association observed 
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here is due to the effect of HLA-B*5701, re- 
{ected in its tagging a SNP within HCPS (J0), 
We emphasize. however, that genetics allows 
no resolution of whether this effect is excli- 
sively due to B*5701 orif HCPS variation also 
contributes to the control, In fact, as a human 
endogenous retroviral element (HERV) with 
xy to retroviral po! genes (13) 
and confirmed expression in lymphocytes (U4), 
HPS is itselt's good candidate to interact with 
HIV-1, possibly through an antisense mecha- 
nism (/-, Moreover, HCPS is priced to encode 
two proteins, and the associated polymorphism 
results in an amino acid substitution in one of 
these proteins. 

‘A model in which HCPS and HLA-B*3701 
have a combined haplotypic effect on the HIV-1 
set point is consistent with the observation that 
suppression of viremia can be maintained in 
84.5701 patients with undetectable VL, even after 
HIV-1 undergoes mutations that allow escape 
from eytotoxic T lymphocyte (CTL) mesliated 
restriction (/5), However, this observation has 
also been explained by a decrease in viral fitness 
associated with the escape variants (/6), In 
audition, B*5701 patients present less frequently 
With symptoms during acute HIV-1 infection 

time of 


(12), suggesting control before thy 
ma 


CTL response (/7) 
‘The second most significant polymorphism 
nied, 9264942, is located in the S° 


> 


HIV VL (logyg ep/ml) 


TTNe499—GT,NetS GG, NZ 


HIV VL (logyg cp/ml) 


TT,Net68 TC,N-238 CC, N82 


Fig. 1. HIV-1 VL at the set point is highly cor- 
related with (A) the HCPS 152395029 geno- 
type, where T is the major allele and G is the 
minor allele, and with (B) the HLA-C 5° region 
159264942 genotype, where T is the major al- 
lele and C is the minor allele. Mean and SEM 
(error bars) are represented for the respective 
genotypes. 


www.sciencemag.or 


region of the HLA-C gene, 35 kb away fom 
transcription initiation (Fig. 2) and 156 kb 
telomeric of the HCPS gene. This SNP e 
plains 6.5% of the variation in set point (Fi 
and shows a genome-wide significant asso- 
ciation (P = 3.77 10"), Despite minor LD 
between the HCPS and HLA-C SNPs (12 = 
0.08, D’ = 084), nested regression models 
¢ an independent effect of 


ese variants. In a model includin 
the HCPS variant, the addition of the HLA-C 
Variant results ina highly significant inerease 


in explanatory power, as does the addition of 
the HCPS varia to a model already includ- 
ing the HLA-C variant [supporting online ma- 
terial (SOM) text} 

This SNP also associates strongly with dif- 
ferences in HLA-C expression levels, both in 
the Sanger Institute Genevar expression data- 
base (/8) (able S1) and in a replication group 
of 48 healthy volunteers established for this 
study (SOM tex, The protective allele leads 
to a lower VL and is associated with higher ex- 
pression of the HLA-C gene. This strong and 

dependent association with HLA-C expres- 
ests that genetic control of 
expression levels of a classical HLA gene in- 
fluences viral control. Other HLA-C $° variants 
also associate with HLA-C expression but do 
not contribute independently to viral control 
(SOM text). 

Although these data make a strong case 
for a causal role for HLA-C expression levels, 
extensive LD throughout the MHC region makes 
it necessary to dirwetly test for alternative causal 
Variants. Specifically, we used nested regre 
sion models to assess whether the observed 
association could be determined by described 
functional HLA class 1 alleles. In fact, the 


sion levels 
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HLA-C expression SNP shows association with 
certain alleles or group of alleles (Tables 1 and 2). 
In cach case, however, although the HLA-C 
«expression variant can explain the eflect ofthese 
alleles on the HIV-1 set point, the reverse is not 
true. When a fincar regression model includes 
known HLA alleles, the addition of 159264942 
results in a significant inerease in the ex- 


plained variation. On the other hand, none of 


‘dered, with the exeeption 
of HCPS/B*5701 adds significantly to a mod- 
cl that already incorporates the HLA-C variant 
(Tables 1 and 2), 

No other single marker reached genome 
significance, and none of the identified copy- 
‘number variations (7) showed any association 
with the HIV-1 set point. An analysis com- 
paring the observed set of P values to that 
expected under the null hypotheses shows 
‘no overall inflation of P values (indicating lit- 
ile contribution from population stratification) 
but does show an excess of low P values, be- 
inning with the 355th most associated SNP 
(fig. SI). This indicates that additional real 
effects are likely to be present among the 
this study 


resting candidates with a lesser 
with the set point (listed in tables 
'S3 to SS) were chosen on the basis of their 
n the study or their fink with HI 


Ye next identified polymorphisms that as- 
sociate with progression rather than VL: The 
strongest association included a set of seven 
polymorphisms located in and near the ring 
finger prowein 39 (RNF39) and zine ribbon 
domain-containing 1 (ZNRD1) genes, respec 
tively (199261174, 3869068, 152074480, 


Table 1. The impact of HLA-C S' expression polymorphism 159264942 on the set point is 
independent of its association with HLA alleles and groups of alleles previously implicated in HIV-1 
control. The addition of 139264942 to the linear regression model significantly improves the fit for 
all HLA alleles or groups of alleles that have been suspected to have an influence on HIV disease. 


N.A., not applicable. 


LD between Models with Addition of Addition of 

Ani 159264942 and HLA alleles 159264942 to models. HLA alleles toa 
HLA alleles (7) (P value) with HLA alleles model with 159264942, 

@ value) P-value) 

HRB 27 07 019 13x10" ont 

LABS 701 0.05 26x 10% 85x10 4ax104 

HLAB35Px 0.04 018 81x10 0.73 

HABOB 0.09 oa 36x 10 oat 

HAB'SI <001 4a 53x10 0.36 

All S above NAL NA. 3.x 10 44x 10% 

822 serogroup 0.01 0.28 81x 10% 0.59 

87 supertype 017 0.007 17x 10 0.35 

Bud serotype 023 0010 17x10 0.65 

‘Bu6 serotype 0.16 0.033 63x 10° 0.76 

HLAA'23 <0.01 oat 69 «10% 0.38 

A2 supertype <001 072 64x 105 0.53 

HAG 0.10 0.041 13x10* 0.56 

HAG"? 0.25 0.065 10x 10 0.83 
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1s77S8512, 199261129, 152301753, and 
18207479), This group of polymorphisms ex- 
plains 5.8% of the variation in progression, 
With a relative hazand of 0.64 (lig. S2), and 
approaches genome-wide significance (P ~ 
3.89 » 107), It also associates with VL at 
the set point (P= 7.11 © 10), These var- 
iamts are >1 Mb telomeric from the previous 
candidates (fig, S3), and their effect on both 
progression and set point is independent of 
HCPS- and HLA-C-related polymorphisms 
‘and HLA alleles or groups of alleles previous- 
ly implicated in HILV-1 control (SOM text and 
lable $6), 

Using the Genevar database and our group 
of 48 bealihy volunteers, we observed that 
ZNRDI expression is significantly associated 
With the identified SNPs (SOM text and table 


overview of Chré 


S1). Two of them (#83869068 and 139261174) 
are located in a putative regulatory 3° re- 
gion, 25 and 32 kb away from the gene, re- 
spectively, Because ZVRDI encodes an RNA 
polymerase I subunit, if this gene is respon- 
sible for the restriction of HIV-1, the mechanism 
could involve interference with the processing 
of HIV-1 transcripts by the HIV-1 regulatory 
protein Rev. Rev is known to be localized in 
the nucleolus (where RNA. polymerase I tran- 
scribes ribosomal RNA), and the blockade of 
RNA polymerase I has been shown to influ- 
cence the distribution of REV, causing a shift 
from the nucleolus to the evtoplasm (19, 
ficiency in provirus transcription is highly 
Variable among individuals; in one sty, dif 
ferences in transcription efficiency accounted 
for 64 to $3% of the total variance in virus pro- 


BESEES 


Fig. 2. Partial map of the HLA class | region (chromosome 6 p21.3). The P 


duction that was attributable to post-entry cel- 
lular factors (2/). 

The second gene, RFS, is poorly charac- 
terized but cannot be ruled out as a candidate 
because two of the associated polymomphisms 
are located in its coding region and result in 
amino acid changes (182301753 and 13207447 
No other genome-wide significant association 
‘was observed in the analysis of the progress 
phenotype (SOM text 

We established an independent replic: 
tion cohort of 140 Caucasian patients, drawn 
from the same participating cohorts, For this 
follow-up study, we relaxed the interval from 
a documented negative text to a positive test 
(for infection) from 2 years to 4 years to iden- 
tify additional qualifying study participants, 
We genotyped representative polymorphisms 


significant association with HIV-1 VL at the set point are marked in red. 


values [-1og(P)] of all genotyped SNPs annotated with the gene structure The graph was drawn with WGAViewer software (www.genome.duke.edul 


are indicated. The two independent SNPS that show genome-wide 
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‘centers/pq2/index_htmldownloads/AnnotationSoftware). 
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for the associations reported above (CPS, 
152395029; HLA-C, 139264942; and ZNRDI, 
139261174), Each association was replicated 
With effects all in the same direction: HCPS, 
P= 14s 107; HLA-C, P= 2.8» 107: and 
ZNRDI, P= 48 * 10 

We have securely identified at Kast two 
mechanisms not previously known to restrict 
IIV-l: HLA-C, which has been suspected but 
never confirmed to contribute wo HIV=1 control, 
and an RNA polymerase subunit that substan- 
tilly changes the time course of HIV progres- 
sion (fig. St). We also suggest the possibility 
that a HERV-dlerived gene may contribute to 
the viral control attributed to the HLA-B*S701 
allele. Our findings confirm and emphasize the 
ral role of the MHC region in HIV-1 
restriction, estimate its contribution against all 
genome influenees, and open up new per- 
spectives in the understanding of its mode of 
action: It is necessary to expand HLA analysis 
to include high-density genotyping. It is also 
noteworthy that this genome-wide stuly of 
host determinants has three clear discoveries, 
implying that determinants of host response 


Table 2, In contrast to Table 1, only HLA-B°S701 
has an independent impact after taking into 
account the effect of 159264942. The indepen- 
dence of HLA-C is also clearly seen in the mean 
values of the HIV-1 set point for each 139264942 
‘genotype: The minor allele Cis associated with a 
decrease in VL, independent of all considered 
alleles and groups of alleles. Numbers refer to a 
subgroup of 187 patients with available four-digit 
HUA class V allelic results. 


159264942 Number 


genotype of patients Mean SD 
All patients 

T 67 085 

1c 87 a9 

« 33 128 
Patients without HUA 

1 66 083 

1 8 a2. 

« 25 33123 
Potients without HUA-8°5S701 

T 67 085 

1 76 1.08 

« 27 125 
Potients without HU 

T 56 0.88 

1c a4 peu 

ie 32 130 
Patients without HUA 

T 50 0.87 

1c 81 122 

ic 33 128 
Potients without HLA-B°S1 

7 56 438085 

1 B 37717 

ig 28 2138 
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may offen include gene variants with major 
effects. This suggests a degree of urgency in 
carrying out similar studies for other infectious 
diseases 

Our results suggest two possible directions 
for therapeutic intervention, First, if HCPS and 
ZNRDI contribute to the control associated with 
HLA-B*S701, they could lead to therapeutic ap- 
plications. On the other hand, the implication of 
HLA-C in. MIN-L control could. present im- 
portant opportunitics, given that the HIV=1 ac- 
cessory protcin Nef selectively down-regulates 
the expression of HLA-A and -B but not that of 
HLA-C on the surface of infected cells (22) 
Originally, this strategy was considered ad- 
Vantageous for the virus because HLA-A and 
-B present foreign (notably viral) epitopes 10 
CDS T cells, resulting in cell destruction, where- 
as HLA-C binds self peptides and interacts with 
natural killer (NK) cells to avoid NK attack 
However, HLA-C also has the ability 1 prescat 
Viral peptides to cytotoxic CDS” T cells and 
consequently to restrict HIVe1 (23, 24), Our ob 
servations suggest that HLA-C-mediated re- 
striction may be an important element of viral 
control in specific genetic backgrounds, and 
that the apparent immunity of HLA-C to Nef 
down-regulation could present an opportu 
for vaccine strategies targeting HLA-C- mediated 
responses, 
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Spatial Regulation of an E3 
Ubiquitin Ligase Directs Selective 
Synapse Elimination 


‘Mei Ding,” Dan Chao," George Wang,? Kang Shen™?* 


Stereotyped synaptic connectivity can arise both by precise recognition between appropriate 
partners during synaptogenesis and by selective synapse elimination. The molecular mechanisms 
that underlie selective synapse removal are largely unknown. We found that stereotyped 
developmental elimination of synapses in the Caenorhabditis elegans hermaphrodite-specific 
motor neuron (HSNL) was mediated by an E3 ubiquitin ligase, a Skp1cullin-F-box (SCF) complex 
‘composed of SKR-1 and the F-box protein SEL-10. SYG-1, a synaptic adhesion molecule, bound to 
‘SKR-1 and inhibited assembly of the SCF complex, thereby protecting nearby synapses. Thus, 
subcellular regulation of ubiquitin-mediated protein degradation contributes to precise synaptic 
connectivity through selective synapse elimination, 


mnapse elimination isa developmental hall- 
Gk set cnt etn oh 
the vertebrate neuromuscular junction, the 
neurotransmitter acetylcholine (ACh) drives elim- 
ination of postsynaptic ACh receptor clusters 


SCIENCE VOL 317 


(2, 3). However, little is known about the mo- 
Iecular machinery that eliminates presynaptic 
specializations, or the mechanisms that selec- 
tively eliminate certain synapses while sustain- 
ing others. 


17 AUGUST 2007 


947 


948 


We invest 
layin: 
adult 
Ue vulval muscles 


sted synapse elimination in the eve. 
ms. tbe HSNL. In 


motor neuron of ¢ 
imals, the HSNL con 
VC mote 


cluster of synapses localized exclusively to the 


jon, the primary synapse region (PSR) 
These synapses were visualized with the vesicle 
marker synaptobrevin fased to yellow fluorescent 
protein (SNB-I::YFP) (4) (Fig. 1). To determine 
whether synapses specifically localize to the PSR 


development of synapses in individual live ani 
mas, At early” st 
served that additional SNB-1::YFP punta formed 


synapse region (SSR) (Fig. 1, B and E). Steeo- 
typed elimination of these puneta wave rise 10 the 
synaptic pattem present in adult animals (Fig. 


Awl) SSR puncta per 
animal and the percentage of animals with SSR 


The average number 


puncta gradually decreased as the animals ma- 
turod (Fig. 1), In addition to SNB-L, these SSR 
puncta contained synaptic vesicle protein RAB 
rab3 (5), active zone protein SYD-2lipcin (6) 
(Fig, 1, K to P), and presynaptic protein UNC 
1ORIM (lig. $1). Thus, SSR. puncta probably exp. 
resent bona fide presynaptic structures 


The immunoglobulin superfamily (IgSF) pro- 


tein SYG-1 (homologous to NEPIL and leret 
in mouse and Drosophila, respectively) is an es 
sential determinant of synaptic specificity in 


the HSNL (4). In syy-1/Av652) null mutants, the 
SNB-1 puncta at the SSR failed to be eliminate 
2A), 
greatly dimin. 

2, displayed 
LA animals: how 


and instead persisted into adulthood (Fig 
at the PSR were 
A weak allele of sox, 9 


SSR puncta in 100% 


Whereas synapse 
ished (4), 
of i 
ilults showed SSR 
al 
on. To test 


only 47.3% of wy2 
2A) 
SYG-1 may influence synapse elimine 
this idea, we generat 
wes of SYG-1, Hete 
mals exhibit at level 
to those of homozygous and wikltype animals, 
of full-ength SYG-1 
wer frequency of SSR p 


pancta (Fig. Thus, the Ievel of fiuneto 


‘a intermediate 


Furthermore, overespresi¢ 


resulted in a mncta rel 
ative to the Wild type (Fig. 2B). Thus, the level of 
SYG-L in the HSNL directly correlates with the 


mnctaeimination 


vulva region through 
her [eSF protein 
spithetial cells (7), 
onship between SYG-I 


expressed in the 


To understand the re 
localization and SSR. pun 
svc 
climination. In all developmental sta 
ined, SYG-1 localized exclusively to the PSR 
where SNB-1 puncta persisted (Fig. 2, C, F, and 
1). SNB-I puncta at the SSR. (Fig. 2, D and G) 
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didnot overlap with SYG-I fsed 10 cyan fu neuronal development and fianction, including 

‘orescent provein (SYG-1::CFP) (Fig. 2, Co K). neurite outgrowth, synapse growth, and pre- and 
To understand how SYG-I promotes climi- postsynaptic receptor taflicking (0-14). To d 

nation of SSR synapses, we performed a yeast termine skr-l’s role in synapse climination, we 


anxi found that the SYG-I in 
» SKR-I (fig. $2). This 


performed a | analysis using an 


RNA interference (RNAi) approach, At both the 


two-hybrid sereer s-of-functio 


result was confirmed by coimmuncprecipitation mid-L4 and adult stages, more skr-J RNAi 
(Fig. 3A). SKR-I is the onbolog of vertebrate treated animals than control animals displayed 
Skpl, a com component of the Skpl-cullin-F- SSR puncta (Fig. 3, B and C). RNAi knockdown 


box (SCF) complex (8). SCF cog 


cE CUL-VCull,, ar 
the SCF complex (8), produced synapse elim. 


n defects similar to those of skr-. RNAi 


ory component 


some (9). Regulated ubiquitin-proteasome sys- treated animals (fig, $2), Therefore, an SCF com: 
tem (UPS) activity controls diverse aspects of plex is essential for proper synapse elimination 
A Early L4(35 hr) D Mid L4(40 hr) Young adult (60 hr) 
Li n - face = 


F 


1 


Pe , 
i eerie 

a 7 

i 

i 

ae 

H 

{eo oe ee 


Fig. 1. Synapse elimination at the SSR in the HSNL. The vulval epithelial cells are used as a staging 
criterion for early L4 (A to ©), mid-L4 (D to F), and young adult (G to 1) animals. SNB-1::YFP reveals 
SSR puncta in early and mid-L4 animals [(B) and (E)], which are absent in adult worms (H). Asterisks 
mark the vulva; arrows and brackets indicate SNB-1:YFP puncta at the SSR and PSR, respectively; 
arrowheads mark the HSNL cell body. )) Quantification of SNB-1:YFP puncta in the SSR; error bars, 
SEM. (K to S) RAB-3 colocalizes with SYD-2 at synapses in both the PSR and SSR fenlarged view in (K) 
to (PI. All images are lateral views, anterior to the left and ventral down. Scale bar, 20 ym. 
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F-box proteins provide target specificity for 
SCF complexes (8). We nest tested candidates 
to identify the specific F-box protein that reg. 
ulates synaptic elimination in the HSNL. FSN-1 
and LIN-23, two F-box proteins that have been 
implicated in presynaptic differentiation and post 


> 
o 


Fig. 2. 5YG-1 is required for SSR synapse elimination. (A) Quantification of SSR puncta in a null 
5y9-1ky652) allele and a weak 5y9-1(wy2) allele, (B) SYG-1 dosage effect on the SSR SNB-1::YFP 
100. (C to K) SSR SNB-1::YFP puncta are located anterior to the developing 


puncta, **P < 0.01; n 


ari 


n the No 


receptor trallicking (15, 
affect the HSNL synaptic pattern 


wer F 


rc 
to SKR-1 and functions 


16}, id not Wy 
82, We 
SEL-10, 


7, 18), Imeresting 


Young adult 


vulva (dashed boxes) and do not overlap with SYG-1::CFP. Asterisks indicate the vulva. 


Fig. 3. The SCB®? complex is A 
required for synapse elimination 

in the HSNL (A) SKR-1 immu 
oprecipitates. the intracellular 
domain of SYG-1 in 293T cells 
(B and ©) The SSR puncta are not 
eliminated completely in skr-2 
RNAi-treated animals. (D and E) 


oye mye tra S¥O-1 


= nc a 


The sel-10 synapse etimination defect is rescued by expressing 
sel-10 in HSNs but notin other tisaes. Punc-6 is expressed 
in HSNs and other neurons; Peg-17, in the vulva epithelium: 


Plin-1B, in VCs and the vulva epithelium; Psra-6, in PVQ 
and ASH neurons; Punc-, in VC neurons. **P < 0,001, "P< 


0.01; NS, not significant; n 2 100, 


nti wtn 880-1 penta 88S) 


mutants displayed a phenotype similar 
at of skr-J knockdown worms: increased 


SSR puncta as detected with both SNB-1 and the 

active zone marker SYD-2 (Fig. 3 and fig. $2) 

Thus, SEL-10 may serve as a specific F-bow pro 
a synapse elimination in the HSNL 


Next, we sought to identify the site of action 


for sel-J0 in synapse elimination. A transgene 


containing the sel-/0 promoter driving 
fl nicin (GFP) labeled a subset of 
neurons including the HSNL 
that se/-10 is expressed in the HISNL (lig. $3). 
Then we expressed the sel-/ DNA under the 


control of various cell-specific promoters and 
asked which promoters could rescue the mutant 
Phenotype. An une-86 promoter driving the sel 
10 cDNA, which confers expression in HSNs, 


fully rescued the se 


10 mutant phenotype (F 
3, D and E), In contrast, when we used pro- 
moters that drove expression in cells a 
the HISNL, the se/-/0 defect remained (Fig, 3D). 
Finally, we examined the subeelly 
of SEL-10, SEL-A0:GFP was diffusely localizxd 
nat development (fig 


the entire axon the 
$3). Thus, SEL-10 functions cell-autonomously 


ulate synaptic elimination and is present at 
both the PSR and SSR. 

Because SCF E3 ubiquitin ligases panicipate 
in UPS-maiated proicin degradation (8), we 
mk 


whether proteasome activity is required for 
apse elimination, We found that SSR. synapse 


limination was drastically compromised in ani 
mals tated with I 
hibitor (/9), which suggests that UPS-mediated 


facystin, a proteasome in. 


protein degradation is required for synapse elim: 


ination (fig. SA) 
Because the SCF complex is present at 
both the PSR and SSR, why does synapse etim 


ination occur specifically at the SSR but not atthe 


ot 
° 
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'ORTS 


PSR? We considered two models, First, the SCF= 
UPS pathway could exert is effect by regulating 
the expression of sig-/. SYG-I would then pro- 
mote synapse elimination though an unidentified 
pathway. Altemativet 
‘complex fixmation or activity. To dist 
tween these models, we examined SYG 
‘expresion in lactacystin-teated animals and sef-/0 
tants. fn these Worms, the SYG-1:GFP pattem 
\was indistingushable from that of wikktype ani- 
mak (Fig. 4, A and B), Furthermore, the SEL-10 
WD-repeat domain, which recruits substrates (20), 
did not bind the invacellular domain of SYG-1 
(ig. $4), Therere, iis unlikely that the SCF com 
plex controls the level of localization of SYG-1 
fo investigate whether SYG-1 regulates the 
formation of the SCE" complex, we assayed 
the interaction of SEL-I0 with SKR-I by eo 
immunopreciptation. The binding between SKR-1 
‘and SEL-10 was significantly weaker in the pres- 
‘ence of the SYG-I intiacellular domain (Fig. 4, C 
anal D), which suggests that the SYG-1-SKR-1 
imeraction inhibited the assembly of SCF com 


plexes. Because SYG-I protein was strictly local 
ized to the PSR (Fig. 2. C, F, and D, whereas 
SCF" as present at both the PSR and SSR 
(Gig. S3) and synapse elimination only oscumed 
at the SSR, we hypothesized that SCF” 
degraded synaptic components and its activity 
Was attenuated at the PSR because of the pres 
cence of SYG-I (fig. $5). Furthermore, in syg-/ 
mutants, PSR synapses are significantly reduced 
and SSR. synapses are increased (4). One expl 
nation fr this observation is thatthe SCF complex 
may be limiting within the SNL: a high level of 
SCF activity atthe PSR causes depletion of SCF 
at the SSR, and vice verst. Therefore, inthe wild 
type, SYG-1 localizes at the PSR and interferes 
with the assembly of the SCF complex by bind- 
ing to SKR-1. Asa result, SCF activity is low at 
the PSR and high at the SSR, leading to synapse 
stabilization at the PSR and synapse elimina 
tion at the SSR tig. $5). In the absence of SYG: 
SCF activity increases at the PSR, leading 10 
synapse elimination, whereas at SSR the SCF 
activity is low and synapses persist 
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Fig. 4. SYG-1 inhibits SCF" assembly. (A) SYG-1:GFP expression is not altered in sel-10 mutants. 
Arrows indicate SYG-1::GFP; asterisks mark the vulva. Scale bar, 20 um. (B) Quantification of SYG-1::GFP 


intensity. NS, not significant; 


20. (C) Coimmunoprecipitation of SKR-1 and SEL-10 is reduced in the 


presence of SYG-1 intracellular domain. (D) Quantification of the SKR-1~SEL-10 interaction. (E) Effects 
‘of SCF activity and SYG-1 on PSR synaptic intensity. Depletion of SCF or overexpression of SYG-1 


intracellular domain enhances PSR synapses; 


20. (F) Overexpression of skv-2 reduces the SSR 


‘synapses, whereas overexpression of SYG-1 intracellular domain or the F-box domain of SEL-10 causes 
an increase in SSR synapses; n > 100. “P < 0.01, *™P < 0,001. 
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‘To validate this hypothesis, we tested three 
‘additional predictions suggested by the mode! 
Fir, if the SCF is rate-limiting for synapse deg- 
radation, then increasing the SCF complex lev- 
ls should enhance synapse elimination at both 
the SSR and PSR sites. Indeed, overexpressing 
SKR+I protein resulted in reduced PSR (Fig, 
4E) and decreased occurence of SSR synapses 
(Fig. 4F), Conversely, overexpressing a dominant 
negative form of SEL-10 that contained only the 
F-box domain inhibited synapse elimination and 
Jad to more SSR puncta (Fig, 4F). 

Second. if SYG-1 protects synapses. from 
ceradation though its inhibition of SCF, a 
form of SYG-1 that is diflusely localized should 
inhibit SCF assembly and perturb synapse clim- 
ination at both the SSR. and PSR. Consistent 
‘with our model, the expression of a freely dif 
fusing SYG-1 intracellular domain construct in- 
creased the PSR puncta intensity in syg-7 mutants 
(Fig. 4 and fig. $6) and the SSR. synapses in 
wild-type animals (Fig. 4F). 

Third, if the SCF complex alo functions in 
synapse elimination at the PSR, we predict that 
inhibiting SCF activity should suppress the di- 
rminishod PSR phenotype of sy-/-mutants, In- 
od, in syg-/ mutant animals, compromising 
SCF by sh RNAI or a sel-/0 mutation signif 
‘cantly enhanced PSR synaptic intensity (Fig. 4E), 
These three fines of evidence support a mex in 
which SYG+1 protects the synapse atthe PSR’ by 
antagonizing the function of SCF, and SYG-1 
Promotes synapse elimination by making more 
'SCF available distantly at the SSR. It is also pose 
sible that SYG-1 sets through unknown mecha- 
nisms 1 regulate SCF activity atthe SSR, which 
would not require SCF activity 1 be limiting, 

‘Synaptic circuit assembly isa highly dynamic 
‘process of concurrent formation and elimination 
‘of synapses during development (22), The UPS 
is widely used in many cellular processes, in- 
<luding axon pruning, dendrite pruning, and syn 
apse development (15, 22-26). Our findings 
reveal that the UPS also mediates focal elimi- 
nation of synapses without obvious neurite loss, 
1 process that requires: precise control of UPS 
activity. One way to explain the spatial regue 
lation of UPS activity is through le 
tion of the SCF complex by synapti 
molecules such as SYG-I. This 
synapses are stabilized at appropriate sites but 
removed from inappropriate sites. A recent study 
showed that the proteasome could function lo- 
cally within distal dendrites of vertebrate neurons 
27), Our results provide a molecular Tink be- 
tween spatial regulation of ubiquitin-mediated 
protein degradation and selective synapse elimi- 
nation; similar local protection mechanisms may 
also underlie vertebrate neural circuit formation. 
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Rapid Erasure of Long-Term 
Memory Associations in the Cortex 
by an Inhibitor of PKMC 


Reut Shema,? Todd Charlton Sacktor,? Yadin Dudai™* 


Little is known about the neuronal mechanisms that subserve long-term memory persistence in the 
brain, The components of the remodeled synaptic machinery, and how they sustain the new synaptic or 
ellwide configuration over time, are yet to be elucidated. In the rat cortex, long-term associative 
memories vanished rapidly after local application of an inhibitor of the protein kinase C isoform, 
protein kinase M zeta (PKM), The effect was observed for at least several weeks after encoding and 
may be irreversible. In the neocortex, which fs assumed to be the repository of multiple types of 
long-term memory, persistence of memory is thus dependent on ongoing activity of a protein kinase 


long after that memory is con 


ersistent phosphorylation by the atypical 
Presssisesc tam 

for maintenance of long-term potentia- 
tion (LTP) in hippocampus and for sustaining 
hippocampus-cependent spatial memory (/). tis 
neocortex, however, which is assumed ultimately 
to store multiple types of long-tenn memory in 
the mammalian brain (2, 3). We set out to deter- 
imine whether persistent phosphorylation by PKMS 


00 


, 
i 


fed to have consolidated into a long-term stable form. 


is critical for storage of long-term memory in 
cortex. We investigated taste memory in the insular 
cortex (IC), which contains the gustatory cortex (4). 

‘We trained rats on conditioned taste aversion 
(CTA) (5) using saccharin as the conditioned 
stimulus (CS), and 3 days later, microinfused the 
selective PKMC pseudosubstrate inhibitor ZIP 
(J, 6) bilaterally into the IC. Controls received 
vehicle only. We tested one ZIP group 1 week 


0 


Test (day) 


Fig. 2. Erasure of long-term CTA memory by a single application of the PRM 
inhibitor ZIP into the IC. (A) ZIP was administered 3 days after training, and 
‘memory was tested 1 week or 1 month later. Controls were tested at 1 month. 
Data are shown for three successive tests, 1 day apart. The dashed line 
indicates equal preference for the CS and water, ie,, Al= 50 (5). A preference 
for the CS may develop over time in naive or CTA-extinguished rats, but Al 
usually does not decline below 20 to 30 even in naive rats. For statistics, see 
text. (B) ZIP was microinfused into the IC at the indicated times after training, 
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liter and another | month tater, ZIP in the 1C 
blocked CTA memory in both groups [one-way 
analysis of variance (ANOVA), F(2,16) = 7.61, 
P< 0.005} (Fig. 1A), Post hoe comparisons 
unveiled no difference between the ZIP groups: 
however, each was different from the control 
(P< 0.05). The difference pe 
tion {repeated-measures ANOVA, group © 
F2,16) = 6.17, P< 0.01, test effect, FI2, 
8.91, P< 0.001}, The ZIP groups did not differ 
from each other, but each was different from 
control (P< 0.05), 

Although consolidation of memory in the IC 
is considered to be over within hours, judged by 
loss of vulnerability to amnesic agents (7), we 
wondered whether the vulnerability to ZIP 1e- 
fleets a longer consolidation process (8), We ad- 
ministered ZIP at various times 3 to 25 days after 
training, followed by CTA testing, The PKMG 
inhibitor blocked memory ata ime points tested 
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which was 2 single conditioning session (3 and 7 days groups) or two 

ve conditioning sessions, a day apart (25 days group). Memory was 
tested 2 hours @ and 7 days groups) or 1 day (25 days group) later. (C) Rats 
were trained on CTA and tested once 3 days later, followed 1 to 4 min later by 
‘microinfusion of ZIP into the IC. Although spontaneous recovery was seen in 
the no-test interval between days 4 and 12 in the control group, the ZIP- 
treated rats showed neither spontaneous recovery nor any indication for UCS- 
reinstatement (LiCl, day 13). 
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ZIP grou . 
P< 0.005 forthe difference between the 25 days 
‘group and control). There is no evidence, there 
fore, for closure of a consolidation window even 
afer several weeks. The effect of ZIP on long- 
term memory is rapid [within 2 hours at most: 
(Fig. 1B),at3 and 7 days) and isnot eliminated by 
intensifying training ((Fig. 1B), at 25 days afier 
two successive CTA trainings to the same taste} 
‘To exclude the possibility that the effect of the 
inhibitor is unique to the CS used, we replaced 
saccharin with glycine. ZIP was administered 3 
‘days after training Serambled inactive ZIP was 
used as control (J). A test 1-day later showed an 
aversion index (AI) = 74.7 = 6.5 inthe ZIP group, 
and 98.2 = 1,05 in the control (1 = 8 cach, P< 
(0,005), The effect is thus not unique to the CS 
uused and requires inhibition of PKMG activity. 
In the experiments above, ZIP was admin= 
istered before the fist test. Because reactivation- 
induced reconsolidation may reinforee the 
memory trace (9-17), we wondered whether re- 
trieval under conditions that promote reconsoli- 
dition (8) might render the trace immune to 
PMG inhibition. We subjected rats to two CTA 
training sessions, a day apart, followed by atest 3 
week liter [betone ZIP, A= 94,5 © 2.76, n= 10: 
botire vehicle, Al = 98.5 © 2.24, = ®; FUL,16) 
1}, Wethen delivered Z1P a day after the test and 
retested « day later The eflect of ZIP was not 
climinated [after ZIP, 58.68 » 7.9: after vehicle, 


92.1 © 3.8: FU16) » 12.27, P< 0.005}, 
A 
MoU tring 
80} 
2P.U trang 


80} 
40} [Wes 

Ls 
5 79 1 


Test (day) 


Fig. 2. (A) In U, familiarity with the tastant at- 
{enuates the potency of that tastant to serve as CS 
jn subsequent CTA training (compare vehicle, UL 
training to no U training). Microinfusion of ZIP into 
the IC after the exposure to the tastant in the LI 
protocol (ZIP, UI training) has no effect on famit- 
iarity. (B) Neophobia declines over repeated non- 
reinforced exposures to the tastant (days 1 to 6). 
‘Application of ZIP into the IC has no effect on 
familiarity in this protocol either. 
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To examine the possibility that the inhibitor 
‘blocks memory performance only transiently, we 
continued testing Z1P-reated rats over time, 10 
unveil spontancous recovery. and in addition, 
after about 2 weeks, applied the unconditioned 
stimulus (UCS) to elicit potential reinstatement. 
‘None of these manipulations yielded evidence 
for recovered memory in the ZIP group (Fig. 1C), 
Repeated-measures ANOVA on days 4 and 12 
(the no-test interval, in which spontancous recov 
ery might occur) shows significant group cflect, 
Fil,12) = 5.79, P< 008, and a trend towant 
_g10up * test interaction, FUL,12)=4.29, P= 0.06, 
Post hoc comparisons reveal nonsignificant 
difference between groups on test day 4 (P = 
0.28), but significant difference on day 12 (P< 
0.01), All in all this indicates. spontaneous 
recovery in the control but not in the ZIP group. 
The lack of expected extinction in the control 
between days 12 and 14 (paired test, P= 0.84) 
suggests a reinstatement effect, No evence for 
aan effect from UCS reapplication was observed 
in the ZIP group. 

Can ZIP disrupt more than one association at 
a time? Rats were tained on CTA to saccharin 
(CSI), and 2 days later to glycine (CS2), These 
{astants are perecived differently (/2), One week 
later, Z1P was microinfused into the IC, and a day 
Tater, a test schedule was initiated im which the 
rats (71 = 8) were texted on CSI and CS2, con 
sccutively, 1 day apant over 6 days. Both CSI- 
UCS and CS2-UCS associations were disrupted 
Alon the first test for CSI association was 94.0 = 
3.16 in the control (n= 7), 703 = 7.09 in the ZIP 
‘group [FU,13)= 841, P< 0.05]. Al on the first 
test for C82 association was 97.6 © 0.97 in the 
‘control, 78.9 = 5.8 in the ZAP group [FU.13) 
S61, P< 0.05}. No significant difference was 
detected among groups in extinetion rate, indi- 
cating lack of recovery from the ZIP effect on 
repetitive testing [repeated-measures. ANOVA, 
oup * test interactions, F2.26) < 1, not 
significant} 

We tested the effect of the PKMC inhibitor on 
the ability to encode, as opposed to retain, CTA, 
memory in the IC. Firs, we microinfised ZIP 
into the 1C 2 hours before exposure to a glycine 


zs « 6 
Test (day) 
Fig. 3. PKME inhibitor in the hippocampus does 
not impair CTA memory. ZIP was microinfused 
bilaterally into the hippocampus 3 days after CTA 
training, and memory was tested starting a day 
later. These data also demonstrate that the effect 
‘of ZIP on CTA memory in the IC is region-specific. 


CS in CTA training and tested 3 days later. We 
found no effect of ZIP on acquisition of CTA 
[ZIP group, 85.4 = chicle, 874 = 39, 
: one-way ANOVA, FUI.13) <1, P= 081). 
‘Similar results were obtained using saccharin as 
the CS [ZIP group, 79.6 = 39, 1 = 6; vehicl 
80.0 = 3.8, = 10; one-way ANOVA, FU14) 
<1, P= 0.95}, Sccond, rats that were trained om 
(CTA to saccharin and then treated with ZAP, were 
subjected a week later to a new CTA training to 
tlyeine. There was no difference between the ZIP 
and the control rats in their ability to reacquire 
GTA GP grup 952223,0 = Sei 350 

tested 3 days aller eraning: one 


The IC sbecrves detection a conacleion 
of taste familiarity (13-17). We used two pare 
ibitor 


adiigms to determine whether the PKMS i 
disrupts taste familiarity once formed. The 
Jaen inhibition (L1) (77), Preexposure to the CS 
in a LI protocol attenuates later CTA training 0 
the same CS; hence, CTA performance serves 
4 familiarity detector (17), Introduction of 
into the IC afer the pre 
LL protocol had no effect on LI [(Fig. 2A); on 
way ANOVA for the firs test, 2,37) 7.77, P< 
0.005]. Post hoc comparisons showed no sig- 
nificant difference between the ZIP-LI and the 
Vehicle-LI groups: however, both groups were 
fom the no-Ll group (P= 
0.01), Repeated-measures ANOVA showed sig 
nificant group effect. ) = 683, P< 0.00 
and significant test effect, £12.74) » 15.94, P- 
0.001. Again, post hoe comparisons showed no 
significant difference between the 1wo LI groups, 
and each of these groups was significantly 
different from the no-LI group (P< 0.01). 

We also examined attenuation of neophobia 
(18), Here, rats tre presented with at un famibiar 
tastant that invokes fearoFthenew and then 
repeatedly presented with the same tastant, Over 
time, the neophobia decreases, serving as. a 
measure of familiarity. PKMg inhibition had no 
effect in this paradigm ((Fig. 2B), repeated- 
measures ANOVA, significant attenuation of 
rncophobia inthe repeating tests, 18 112) = 21.01, 
P-<0,001|; however, no significant difference was, 
seen between the groups, FUI.I4) < 1, P= 085]. 

PKME has been previously shown to main- 
tain LTP and spatial memory inthe hippocampus 
(2). The tole of the hippocampus in CTA is stil 
unsettled (79). Hippocampal lesions donot 
impair CTA and were even reported 19 enhance 
it (20), Microinfusion of ZIP into the dorsal 
hippocampus 3 days after CTA. did not impair 
CTA memory when tested a day afler ZIP ad- 
ministration (Fig. 3), If at all, there was a trend 
toward memory enhancement [repeated-measures 

ANOVA, F,16) = 2.98, P= 0.1). Besides dem- 
‘onstrating that PMC in the hippocampus is not 
«essential for long-term CTA memory, these data 
also indicate thatthe effect of ZIP on memory in 
the IC is region-specific, 

The effect of the PRM inhi 
tenn CTA memory in IC is consistent with 


IP 
exposure to the taste in the 
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reports that the IC is critical for consolidation, 
storage, and extinction of CTA (7, 13, 21, 22). 


Although the map of CS-UCS association sites in 
CTA encoding is still incomplete and probably 
includes subcortical structures (23), once the 
association is formed, the IC is likely 10 store 
‘elements of the associative hedonic or incentive 
value of the CS (24), In contrast, whereas the IC 

that 


is documented to detect taste novelty 
facilitates encoding of CTA (4, 7, 13, 1, 
the present data are in line with the possibility 
niliarity per se is not stoned in the IC. 
‘we have found no evidence that the 
nory in cortex 
hence, we heuristically propose that 
the PKME inhibitor might practically erase some 
Jong-term memory associations, We are aware of 
the difficulties in concluding that a memory trace 
js erase from the lack oF ability to detect a change 
in perfomance that is atributed to that trace, This 
inherent difficulty haunts the long-standing debate 
‘on whether amnesia is @ storage oF a retrieval 
dicit, yet does not preclude the assumption that 
amnesia isa storage deficit (8, 9,25) 

Recent data on reictivation-dependent vul- 
nerability of memory to amnesic agents (N, 9) 
roemphasize the frailty of the engram-—an atri- 
bute long recognized by cognitive psychologists 
(26), but somehow mostly ignored til recently by 
neuroscientists, Our data reinforce the notion that 
memory traces are prone to swift interferences 
Jong after their encoding. In contrast o these ear 
Tier studies, howe) divation is needed 10 
render the trice susceptible to ZIP. The possi- 
bility that the trace reactivates implicitly is low 
stiven that classical amnesic agents, eg, macro 
molecular synthesis inhibitors, have no effect on 
the long-term CTA trace that has not been 
reactivated (7, 13). 

‘The possibility cannot yet be exclude! that 
Vulnerability of memory to PKMG inhibition in 
cortex might wane, If so, then the temporal 
‘window of “cellular consolidation.” ic. the sta- 
bilization process that is postulated to oceur in 
synapses and cell bodies after memory encoding 
(8), lingers far longer than originally thought 
This conclusion is even more striking given that 
‘elemental CTA seems hippocampus-independent, 
excluding a “systems consolidation’ process in 
\Wwhich the hippocampal trace invades neocorte 
‘overdays to weeks (8). An alternative possibility 
is that PKMS permanently maintains hong-term 
memory and, thus, is a tanget for aninesie agents 
as long as the memory persists. In this ease, 
defining consolidation on the basis of vulnerabi- 
y to amnesic agents (8) requires reconsideration. 

How does PKME inhibition disrupt memory 
in neocortex? If work on LTP in the hippocampus 
ituide, the effect of PKME might be on the 
microstructure of preexisting synapses, resulting 
in a doubling of the number of functional post- 
synaptic AMPA-type glutamate receptors (27). 
‘Our results indicate, however, that these changes, 
‘even weeks aller earning, are not indelible mod- 
yynaplic structure, but remain de- 
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Pendent on ongoing enzymatic activity and, thus, 
are capable of rapid and dynamic alterations by 
experimental manipulation or, perhaps, in. the 
course of incorporation of new experience into 
associative knowledge schemas in cortex (28), 
‘The idea that persistent enszymatic activity keeps 
memory going has been raised on the basis of 
theoretical considerations (29-32). The finding 
that this takes place, via PKMZ. not only in LTP 
and hippocampus (J, 6, 27), butalso in long-term 
memory in neocortex, has, in addition to thee- 
retical implications, potential clinical signif 
cance, ex. in the field of cognitive enhancement. 
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Detection of Near-Atmospheric 
Concentrations of CO, by an Olfactory 
Subsystem in the Mouse 


Ji Hu,"* Chun Zhong,*?* Cheng Ding,’ 
Hiroaki Matsunami,” Minmin Luo*t 


Qiuyi Chi,” Andreas Walz,* Peter Mombaerts,* 


Carbon dioxide (CO,) is an important environmental cue for many organisms but is odorless to humans. 
It remains unclear whether the mammalian olfactory system can detect CO, at concentrations 

‘around the average atmospheric level (0.038%). We demonstrated the expression of carbonic 
anhydrase type I (CAI, an enzyme that catabolizes CO,, in a subset of mouse olfactory neurons that 
‘express guanylyl cyclase D (GC-D* neurons) and project axons to necklace glomeruli in the olfactory 
bulb. Exposure to CO, activated these GC-D* neurons, and exposure of a mouse to CO; activated 
bulbar neurons associated with necklace glomeruli. Behavioral tests revealed CO, detection thresholds 
‘of ~0.066%, and this sensitive CO detection required CAll activity. We conclude that mice detect 
C02 at near-atmospheric concentrations through the olfactory subsystem of GC-D* neurons. 


a is stimulus for many 
CO, levels fluctuate 
locally with biological activities, such as 


animal respiration, plant photosynthesis. and the 
decomposition of organic matter. CO: signals 
regulate many insect innate behaviors, such as 
seeking food and hosts, avoiding stressful envie 
ronments, and ovipositioning (3-6). CO» has no 
discemable odor to humans, but at high concen- 
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trations (30%), it produces a pungent ti 
sensation in the nasopharynx (7). Carbonic an- 
hnydrase (CA), an enwzyme that is implicated in 
CO; sensing by peripheral systems such as carotid 
chemoreceptors (2, 8), is expressed in a subset 
of olfactory sensory neurons (OSNs) in several 
Vertebrate species (§, 9), Studies indicate that rats 
can detect COs at levels above 0.5% (10, 12). It 
remains unknown whether mammals can detect 
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CO, at concentrations near the atmospheric level 


mediated by a specialized olfactory subsystem. 


In the mouse olfactory epithelium (OE), 


conventional OSNs use adenosine 3-5" me 


phosphate (CAMP) in odorant-evoked signal 


ansduction, but a minor population of neurons 


appears to use guanosine 3-5’ monophosphate 
(cGMP) (/2-14). Unlike conventional OSNS, this 
minor population of cells expresses phosphodies 
terase 2A (PDE2A), guanylyl cyclase D (GC-D), 
and cGMP-sensitive cyclic nucleotide-yated (CNG) 
channels (/2-14). 


They project axons to the 


necklace glomeruli. set of glomeruli that form 
necklace” in the caudal end of the olfactory bully 
(OB) (/3, 15). The necklace glomensli 
been implicated in detecting suckling phe 
mones and pheromonal compounds (/6 


Here we show that mice ean sense COs at near 
atmospheric Ievels through the subset of olfic 
tory neurons that express PDE2A and GC-D. 
We first examined the gene expression profile 
of neurons expressing PDE2A (PDE2A™ new 
rons) by single-cell serial analysis of gene ex: 
OF 


pression of dissociated cells from the ea 
of mice (/8), We found! that PDEA’ 
expressed high Ievels of CA type Il (CAD, where 
ial OSNs did not (fig. SI, A to C). 


Expression of CA/Car? mRNA by a subset « 


3s conventior 


OE cells was verified by in situ hybridization 
(lig. SID). Immunostaining showed abundant 
CAI expression by a small population of cells in 
the caudal OE, Most of these CAI” cells clus 


tered with bi 


regions within the caudal recesses of the nasal 
cavity (Fig. 1A), CAI localized with PDE2A in 
the OE (Fig. 1, B to D) and in ~20 gl 


more than 30 jum in diameter in the caudal OB 


(Fig, 1, Eto Hand fig. $2, 1 = 6 mice). Because 
PDE2A in tum iscoexpressed with GC-D (13,1, 
Wwe analyzed a mouse strain with a targeted mu 


tation in the GC-D locus that produces bicisto 
of GC-D with a 


fusion protein of tau and green fluorescent pro- 
tein (GFP) (GCD-ITG mice). CAI immunore 
activity and GEP intrinsic fuorescence complctely 
1, E10 K) and OB 
2 mice) Henceforth, we refer 
PDE2A"-GC-D" neurons 


overlapped in the OE (F 
(Fig. 1, LtoN.n 
othe subset of CAI 
18 GC-D* net 

CA catalyzes the reversible reaction of COa 


1,0 » HCOs © H (9, 20), Because CA is 
implicated in COs sensing, we tested whether 
GC-D* neurons respond to COp using calcium 
imaging in an intact OE preparation from GCD- 


ITG mice (18, 21). OSNs were incubated with 
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thod-2 acetoxymethyl ester (AM), a calcium- bicarbonate levels (Fig. 2E and fig. $3). When 
sensitive red Muorescent dye. GC-D" neurons tested with 6.4 mM COs, most GC-D" cells were 
were identified by intrinsic green fluorescence of not activated [1 = 256 out of 260 (256/260) 
GFP in their dendritic knobs and somata (Fig. tested], and a few of them were only weakly 
2A), and the uptake of thod-2 AM dye was activated (fig. $4, 0 = 4/260). 


confirmed by red fluorescence (Fig. 2B), Tissue To examine the mle of CA in CO. sensing by 
GC-D* neurons, we applied acetazolamide (AZ, 


1mM),aCA enzymatic inhibitor. AZ completely 


was continuously superfused with 
HEPES. based Ringer solution. CO; 


cred by superfusing CO;-bubbled Ringe: liminated the CO, responses (Fig. 2F and fi. 
tion into the imaging chamber, resulting in peak S3B). Calcium signals in response to CO> were 
CO; concentra » 64 mM as calcu absent in Ca?*free Ringer solution, indicating 


lated by COs 


© COs appli- that calcium signals were due to extemal calcium 
influx (Fig. 2G and fig, S3C). Low ca 
s-iltiazem (10 4M), CNG cha 
blocker (23), reversibly blocked the respanse of 
2, Hand 1), Thus, 


D* neurons, and 


sent 
GCD" ne 


tic knobs and underly ny 
n= 428 cells), COs 
ns were dose-dependent, GC-D 
a staring at 1.0mMCO: CO: 

this 
and the opening 


c 
POEZA 


M 


Fig. 1. CAll immunoreactivity in GC-D* neurons and necklace glomeruli. (A) Bilaterally symmetric 
distribution of CAl* cells (arrows) in the OE. (B) High-power view of CAll immunoreactivity in a CAII* 
cluster. () PDEZA immunoreactivity in the same section as (B) (D) Overlay of (B) and (Q. (E) A coronal 
section of the caudal OB showing CAl* glomeruli (arrows) with largely bilateral symmetry. (F) High- 
ower view of CAll immunoreactivity within the dashed box in (E). (G) PDEA immunoreactivity. (H) 
Overtay of (F) and (G). Bive, DAPI labeling. (I to K) CAll expression overlaps with GFP labeting in the OE 
of GCD-TG mice. () CAll immunoreactivity. () GFP immunoreactivity within the same region as (). (K) 
Overtay of @) and ()). (L to N) CAll expression overlaps with GFP labeling in the OB of GCD-1TG mice. (U) 
AIT” glomeruli. (dM) GEP* glomeruti within the same region as (L. (N) Overtay of (U) and (M). Scale bars 
in @), 20 um; (F), 100 um; (0, 10 ym; and (W, SO wm. 


ns (Fig 2 


1C-D" neu 
ith substantial actvat 
(Fig. 2D). GC-D* new 
COstive Ringe 


neurons to COs (Fig 


specifically activates: GC 


w activation requires CA enzymatic 


CNG channels, 


‘not act activity 


cose 
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To test CO: sensitivity in vive, we reconded 
fiom bulbar neurons associated with the necklace 
glomeruli afler exposing anesthetized mi 
COs in the airflow delivered to their nostrils (18), 
Out of ~$000 cells tested with 0.5% COs in the 

phase, excitaory responses were found in 
if which were near the 


© 10 


bull (17) 


89). 


260 cells, almost all 
necklace glomeruli. By juxtacellular label 


necklace $6) (78). Trainin 


were activated by ext Ievels above 
0.1% (Fig. 3, Band D), Excitatory responses to 
COs pulses were characterized by initial bursting 
with short latency [306.3 = 22.6 ms (mean 


sponses (Fig. 4A, 11 


SEM, = 24 cells), vigorous firing thr 
the stimulus, and brief inhibition alter stimulus The response ratio at different CC 
termination (Fig. 3C). Control pulses (Ps COs 

and 20% Os) with the same flow rate had no report 

effect, confining thatthe responses were evoked 0.07 


by CO} but not by iner flow. The CO, S7, n= 8 
responses of bulbar nourons were dose-dependent 


(Fig. 3, Dand E). F 


the I8 most sensitive cells 


Finally, we used behavioral assays to examine 
the sensitivity of COs detection by the mouse 
(U8), Water-deprived adult mice were tiined to 
lick a port for water delivery durin 
pulses and to not lick during 
the same flow rate and oxygen concentrations 
ke performance at levels of 

10 mice 
ained high for test 
with 20.1% COs but fell sharply to near-chance 
level as COs levels decreased further (Fig. 4B). 


tions fitted to a Weillull psychometric function 
4 CO; detection threshold of 
Units F 0.066% COs (Fig. 4B and fi 
) (24), which is just above the 
se CO, concentration in the atmespl 

threshold also matched the re 


CO: repels Drosophila (4) but atracts mos- 
uitoes to hosts (3), In a T-maze assay, we found 
that mice avoided CO» at concentrations as low 
as 02%(n = P< 0.01, tes). The avoid 
ance became substantially more marked at higher 
concentrations (Fig, 4D, 0.4 to 3.2% COy). 
Lesions of the OE by nasal inigation with zine 


atrol pulses with 


and untrained for CO, detection, in combination 
with the fast reaction time for CO, detection (fig. 
8) and the low CO, sensitivity of the trigeminal 
system (ig. $9), demonstrate that the OE has a 
direct role in COs detection. 

Because CAIL is expressed exclusively in 
GC-D" neurons and its activity is essential for 
(COz responses in these neurons (Figs, and 2), 
wwe examined the beh phenotype of mice 
homezygous fora null mutation inthe CA/Car2 
ne that was induced by chemical mutagenesis 
With ActhylN-nitrosourea (fig. $10) (20, 26). 
These mutant mice were to detect COy 
at concentrations below 1% (fig. S11), but their 


10 days resulted 
* 


a COME 
During tests, 
jl 


ior 
LIS 


tested with a range of concentrations, significant sponse sensitivity of bulbar neurons (Fig. 3E).  kcaming curve and detection threshold for detect- 

activation was observed at 0.1% CO3, Response When the OE was ablated by nasal irrigation with ing amyl acetate (0.10% saturated vapor) were 

amplitudes rose steeply between 0.1 and 0.3% — zine sulfate ($0 jl indistinguishable from those of wild-type mice 
%4 (Fig. 3E), Lower were unable to detect 0.5% COs pulses (Fig.4C). (Fig. 4E, = 6 for mutant a 


sensitivity to COz was observed in some neu: 


tion above 2% (n 30 cells), 


rons, with satu 


GCD-ITG Rhod-2/AM 


CO, pH —HCOy 


control control 
Fig. 2. COp activates GC-D* neurons, and this activation requires CA 
ity and the opening of CNG channels. (A) GFP labeling of a cluster of 
GC-D* neurons within an intact epithelial preparation from a GCD-ITG 
mouse. The atrow points to a dendritic knob. (B) Uptake of the calcium: 
sensitive dye rhod-2 AM into GC-D* neurons within the same region as, 
(A), (C) Map of normalized fluorescence changes (AF/F) within the same 
region as (A) and (B) showing activation of GC-D* neurons after CO2 
application. The color scale at the right indicates a APF range of 0 to 
20%, For all GC-D* neurons tested, AFF = 11.1 + 0.4% (mean + SEN, n = 
428 cells, 8 mice). (D) Dose-response curve of the calcium signal to CO» 
(n= 123 cells). (E) Group data showing that GC-D* neurons respond to 
6.4 mM C03 but not to pH-adjusted and bicarbonate controls (AF/F = 
0.7 + 0.1% for pH-adjusted control, n = 123 neurons, P <0.001, t test, 
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CO; versus pH-adjusted control; AFF = 0.4 + 0.2% for bicarbonate 
control, n = 170 neurons, P< 0.001, test, COz versus bicarbonate). Error 
bars in this and the following figures indicate SEM. (F) Group data 
showing blockade of CO. responses by the CA inhibitor AZ ( AF/F = 12.8 + 
(0.5% in baseline conditions versus 0.5 + 0.1% in AZ, n = 225 neurons, 
P< 00001, t tes). (G) Group data showing the absence of CO. responses in 
Ca?*-free Ringer solution (AF/F = 13.0 + 0.5% in normal Ringer solution 
versus 0.0 + 0.1% for Ca**-free Ringer, n = 118 neurons, P < 0.001, ¢ 
test). (Hand D A single example (H) and group data () showing the 
reversible blockade of CO, responses by t-cisdiltiazem (MF/F = 12.3 = 
1.1% in baseline, 18 + 0.3% during ditiazem application, and 6.9 + 
(0.5% during washout; n = 225; P < 0.001; t test). Scale bar in (A), 10 um; 
in (H), 50 5 and a AFF of 10%. 


baseline Diltiazem wash 
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Structure of the Membrane Protein 
FhaC: A Member of the Omp85-TpsB 
Transporter Superfamily 


Bernard Clantin,** Anne-Sophie Delattre,”™ 
Albano C. Méli,** Camille Locht,?"* Francoise Jacob-Dubuisson,”?** Vincent 


rakash Rucktooa,™2 Nathalie 
feret?23* 


In Gram-negative bacteria and eukaryotic organelles, -barrel proteins of the outer membrane 
protein 85~two-partner secretion B (Omp85-TpsB) supertamily are essential components of protein 
transport machineries, The TpsB transporter FhaC mediates the secretion of Bordetella pertussis 
filamentous hemagglutinin (FHA). We report the 3.15 A crystal structure of FhaC. The transporter 
‘comprises a 16-stranded | barrel that is occluded by an N-terminal «helix and an extracellular 
loop and a periplasmic module composed of two aligned polypeptide-transport-associated (POTRA) 
domains. Functional data reveal that FHA binds to the POTRA 1 domain via its N-terminal domain 
‘and likely translocates the adhesin-repeated motifs in an extended hairpin conformation, with 
folding occurring at the cell surface. General features of the mechanism obtained here are likely to 


apply throughout the superfamily. 


argeting of proteins to their dedicated 
subcellular compartments is essential for 

cell function and organelle biogenesis 
Translocation of proteins across or insertion into 
membranes is mediated by protein machineries, 
some of whieh haye been conserved throughout 
‘evolution, such as the transporters ofthe Omp5- 
‘TpsB superfamily. TpsB transporters are eompo- 
nents of two-partner secretion (TPS) systems in 
Gram-negative bacteria, They seerete lange, most- 
ly Behetical proteins called Tps proteins that 
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generally serve as virulence factors (/. 2). TpsB 
transporters function without accessory factors 
The superfamily also inchides the Toc7S, SamS0- 
TobSS. and Omp85-YacT homologs, which are 
the cores of lange hetero-oligomeric complexes 
involved in protein transport across, and insertion 
of B-barel proteins into 

chloroplasts, mitochondria, and Gram-negative 
bacteria, respectively (3-9). 

(Ommp8S-TpsB transporters have been predicted 
tw comprisea conserved C-terminal ransmembyae 
Bharrel and a soluble N-terminal region harboring 
‘one o five putative polypeptidke-irnsport-assciated 
(POTRA) domains, which are hypothesized to me- 

iate protein-protein interactions (/0-12). The 
‘transporters also harbor conserved C-proximial sig- 
nature motifs of unknown fiction in their pore 
forming regions (/3}, In spite of their implication 
in critical physiological processes such as mem- 
‘brane biogenesis and sccretion of virulence pro- 
leins, the mokeular mechanisms of protein 
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he outer membranes of | 


translocation or insertion into: membranes by 
those transporters remain poorty understood, To 
address these issues, we determined the crystal 
structure of the TpsB prototype FhaC that me- 
diates the translocation to the bacterial surfic 
of filamentous hemagglutinin (FHA), the major 
adhesin ofthe whooping cough agent Bonletella 
pertussis 

FhaC’ was crystallized in space group C222), 
and the crystals contained one molecule in the 
asymmetric unit. The structure was solved by the 
single-wavelength anomalous diffusion (SAD) 
mathod! (/4) and is reported to a resolution of 
RIS A (ble SI and fig. SI). The protein is a 
‘monomer andl comprises a 35 A high (6 barrel 
composed of 16 antiparallel [strands (B1 10 
B16) (Fig, 1A and fig. S2) with a shear number 
‘0f20. The f barrel comesponds tothe C-terminal 
moiety of the protein and encompasses resides 
209 to S54. The periplasmic and extracellular 
Sides of the barrel are characterized by short turns 
and longer loops (LI to LX), respectively, in 
general agreement with a prior topology model 
(15). The N terminus of the protein is located in 
the extracellular milicu and folds into. a 20- 
residue-Hong ar helix (111) that goes right through 
the transmembrane fs baurel Fig. 1. A and B), The 
terminus of helix HI ememges. into the 
periplasm and is connected to a. periplasmic 
module via a 30-amino acids linker that has no 
well-defined electron density in the crystal 
structure. This periplasmic module of 150 resi- 
ddues precedes the fi barrel, a feature that had not 
been preted earlier (5). 

The interior of the fs barrel is partly hydro- 
Dili, with 17 changed residues pointing im 
Helis H1 isalso changed with six Lys andior Ang 
and six Asp andior Glu residues, The changed res- 
idues are not uniformly distributed inside the bar- 
rel but form three clusters (fig. $3). Chuster 1 runs 
fiom the periplasm to the bacterial surface and 
compris residues An” and Asp™ (B5), Lys? 
(B6), Lys** and Ane*S (B7), Asp (BS), and 
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Arg*® (B10) (tig. S3A). They are complemented 
by aysidues from HI (Ang, Asp'®, Asp'®, and 
Aral?) Cluster 2 comprises residues Asp" (BI), 
Lys (B2), Ane (B3), and Glu? (B4) and is 
locate close to the extracellular side. Lastly, cluster 
3 comprises residues—Lys*! (loop B12-B13), 
Arg’? and Asp® (B14), and Arg (BIS) 
clase to the periplasmic side of the B barrel (ig. 

'3B), The large extracellular loop L6 (residues 
431 to 469) is folded as a haimpin in the bare! in- 
rior, with its ip reaching the periplasm (Fig. 1B). 
‘This loop, which is not rigidly bound to the bar 
rel, covers the inner face of the bare! comprising 
strands BI to B16 (ig, S3C), Loop L6 isnot well 
defined in the electron density snap and was there 
fore built as a polyalanine chain. The average 
temperature factor for Ca in loop L6 is 65 
‘compared to an overall Ca temperature factor of 
38 A in Phat 

Analyses of the pore dimension (fig. S4A) 

indicate thatthe channel in FhaC is too narwow to 
‘accommodate the transiting FHA polypeptide 
because the constricted channel running from the 
Periplasm to the surfiee between HT and Lé is 
‘only ~3 A. FhaC forms ion-permeable channels 
in artificial membranes with conductance values 
around 1.2 nS in 1 M KCI(/6), Assuming that the 
provcin forms perfect cylinder, the pore diameter 
calculated (/7) fiom the measured conductane: 
would be 82 A. However, conductance is not 
simply related to the size of the channel opening 
but also to the distribution and environment of the 
cchutrges inside the channel, Thus, the observed 
‘conductance most likely reflects lange conforma 


Fig. 2. Crystal structure of FhaC. (A) Ribbon representation of FhaC viewed 
from the membrane plane. Putative position of the membrane (M) boundary is. 
‘indicated with horizontal tines, with the extracellular side (Bat the top and the 
periplasm (P) at the bottom. The « helix H1 is colored red, POTRA 1 light blve, 
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tional changes in FhaC in the elecrophysiological 
experiments, possibly with HI and/or L6 moving 
‘out of the pore. 

‘The periplasmic module consists of two glob- 
ular domains. Both are composed of 75 residues 
(from 39 0 134 and 135 10 208, respectively) and 
‘are organized around a three-stranded B sheet and 
‘one at helix (designated hercafter as a POTRA 
helix). They share the same strand-helix-sirand- 
strand topology. Domain | (POTRA 1) corresponds 
in sequence to the in siico-predicted POTRA do- 
iain of the OmpXS-TpsB superfamily (12). Do- 
main 2 was not previously predicted to also adopt 
this architecture. Between the fist strand and the 
POTRA helix, the POTRA domains also com- 
prise cither an additional tum of a helix and a 
loop (POTRA 1) or a 10-residue-long additional 
a helix (POTRA 2) (Fig. 1A and fig. $2). The 
relative orientation of the POTRA domains was 
assessed by comparing the angles formed be- 
tween the axes of helices H2 and H4 with the 
ccontral axis of the FhaC B barrel, The POTRA 
Vand POTRA 2 angles are 148° and 111°, re- 
spectively. The two POTRA domains interact 
with cach other via a few hydrogen bonds be- 
tween loops 112-f2 and H3-414, POTRA helices 
12 and 11, together with strands BS and fo 
(POTRA 2), constitute the surface of the peri 
plasmic modulk, which is oriented towand the 
‘barrel (fi. S$) and close to the translocation pore. 

Although well conserved in structure (78), the 
POTRA domains are only 14% identical in se- 
‘quence. Residues forming the POTRA signature 
(ZD cither are involved in the hydrophobic core 


‘created with PyMOL GO). 


defined by the POTRA helix and the three- 
stranded B sheet or comespond to eine residues 
inloops, such as Gly and Gly" in loops B1-112 
and H2-B2 for POTRA 1 and Gly"? and Gly" 
in loops 4-13 and IHLBS for POTRA 2, respee- 
tively (Fig. 2A). Another residue of the POTRA 
signature, Gly", is located at the POTRA domains, 
junction. The contribution of these signature res- 
‘dues is essentially structural, and therefore the 
solventaccessible surfices ofthe POTRA domains 
a mostly made up of nonconserval, specilie 
residues. 

Besides representing the TpsB fumily the FhaC 
structure is also representative of more distantly 
relatod transporters of the superfiamily, which all 
share a common architecture consisting of a vari 
able number of POTRA domains in tandem fol 
lowed by a Cterminal, =30-KD B-barrel dom 
(10). tn silico analyses of this superfamily have 
ao pinpointed conserved motifs within the bar 
rel, called motifs 3 and 4 (13), In FhaC moti 
{amino acids 432 10 474) (Fig, 1) comprises loop 
Lo and the first half of strand B12, The conserved 
tetrad VRGY (/9) (residues 449 to 452) is located 
at the extremity of the (hairpin in loop LO and 
reaches the periplasm, Moti’ 4 (esiducs S08 to 
$36) comesponds to strands B14 and BIS, thas 
‘comprising residues from the inner and outer Faces 
ofthe barrel. Residues Met™, Arg™ and Asp'™ 
(B14) and Ang, Ser, Thr”, and Ser’ (B15) 
are located inthe Vicinity of loop L6, on the inner 
face of the f) barrel, Motif 4 also comprises resi- 
dues from the uncharged inner face of the f barrel, 
along which loop L6 is positioned (fig S3C). 


POTRA 2 purple, motif 3 green, and motif 4 blue. (B) Cutaway view of FhaC 
from the membrane plane, rotated about 90° relative to A. The w helix Hi, 
POTRA helices H2 and H4, and the loop Lé are indicated. The images were 
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In light of the crystal structure, fimctional as- 
pects of FHA translocation by FhaC have been 
probed by mutation and deletion studies. FHA 
secretion has previously been shown fo not be 
affected by removing helix HI (U5, 16), ruling 
‘out an essential contribution of HI in facilitating 
ction. FhaC lacking HI forms channels of 
ilar conductance to that of the wild-type pro- 
tein in planar lipid bilayer experiments (76). Re- 
moving I1 would ereate a ~8 A lange pore (fig, 
S4B) in FhaC, a size compatible with the con- 
ductances observed for both the mative and the 
truncated proteins, These data are in agreement 
\ith a model in which H11, found inside the pore 
in the erystal structure, would be located outside 
the pore in the eleetrophysiological experiments, 


This is similar to previous observations on the 
crystal structure and ckctrophysiological data of 
the translocator domain of the NalP autotrans- 
porter (20, 21). Also similar to NalP, the removal 
‘of HI from FhaC enlarges the channe! in vivo, as 
assessed by increased sensitivity to antibiotics 
(table $2), 

In contrast to Hi, the deletion of L6 per 
formed in this work abolished secretion, demon- 
trating its key role in the secretion mechanism 
(Fig. 3A). This deletion also strongly affected the 
channel properties of FhaC and decreased the ob- 
served conductance 10 0.4 10 026 nS (Fig. 3). Ak 
though removing L6 is predicted to create a 8 A 
large channel in FhaC (fig. S4C), the reduction of | 
jon conductance suggests that it aflects the con- 


Fig. 2. (A) Ca stereoview of the two POTRA domains. POTRA signature residues (11) involved in the 
hydrophobic core are shown in stick representation, whereas the conserved glycines are colored red. V61. 
and 1114 do not belong to the hydrophobic core of POTRA 1. (B) Ribbon representation of FhaC viewed 
from the periplasm, Insertion postions of the two-residue motifs are indicated by black triangles. Side 
chains of residues analyzed by site-directed mutagenesis are shown with a stick representation. H2, H4, 
and 5 are colored green, red, and blue, respectively. 
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formational stability of the protcin and causes im- 
portant change rearrangements inside the channel. 
(Crystal structures of OmpF in which the constric- 
tion loop L3 has been altered or panially deleted 
have revealed an increase of the channel size by 
about 50%, although the ion conductances of 
these mutants were drastically reduced (22-24), 
Evidence for the formation of larger channels by 
FhaC lacking L6 was obtained from antibiotic 
sensitivity experiments (lable S2), consistent wit 
role for L6 in plugging the channel. A protcase- 
specific cleavage site inserted after Ser” of FhaC 
|was previously shown to be accessible from the 
bacterial surface only when FHA is coproduced 
with FhaC (/5), indicating conformational changes 
of L6 during secretion, 

‘The deletion of cither POTRA domain, per- 
formed here, also abolishes secretion, although 
FhaC still forms channels in lipid bilayers (Fig. 3, 
E and F). Therefore, the POTRA domains a 
strictly required forthe secretion process but not 
for pore formation. The precise orientation of the 
‘wo POTRA domains is also required, bocause the 
insertion of a glycine-serine motif immediately 
afer the conserved Gily"™ residue of the POTRA, 
sequence signature at the junction of the POTRA 
domains strongly affects secretion, as shown pre- 
viously (/5). 

‘The POTRA domains are involved in FHA 
recognition, which is likely related to their fune~ 
tion in sceretion (25). Previous work has shown 
that they recognize a nonnative state of FHA, pre- 
sumably corresponding to its extended periplis- 
nie conformation in the course of secretion (25) 
In order to idemtify regions of the POTRA do- 
‘mains involved in these interaetions, we inter- 
preted a previously reported insertional analy 


fect of insertions in the solvent-exposed regions 
of the POTRA domains, and we complemented 
this data with site-directed mutagenesis (Fig, 2B). 
Insenions of two-residue motifs aller positions 
y und 125 (in POTRA 1) and 
150, 193, and 206 (in POTRA 2) were shown 
previously to not afleet FHA secretion (15). ruling 
‘out a major role for these regions in the specific 
recognition of FHA and in the secretion process. 
‘The tangeted regions, loop I-12 (72-93), loopy 
2-83 (125), and helix 113 (150), are located on 
the faces of the POTRA domains pointing away 
fiom the B barrel pore. Thus, the structure ratiow 
nalizes why they do not affect secretion (Fig. 2B), 
Insertions in Joop (5-6 (193) and in strand 6 
(206) (75) are oriented tows the fs barrel interior, 
but because they do not affect secretion they pre= 
sumably are not major FHA rei tere 
‘minants. Therefore, specific interactions of the 
POTRA domains with FHA likely involve their 
remaining solvent-exposed surfaces, including 
helix H2, helix 4, and/or strand BS. Residues 
located on the exposed faces of these secondary 
structures that might form hydrogen bonds with 
FHA, in 12 [K99, Y106, D107, oF R108 (/9)), 
14 (D173 or Y177), and strand BS (T18S or 
NIR7), were thus replaced by alanines. Both sin- 
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Fig. 3. (Ato D) Behavior of FhaC-AL6. (A) Secretion of 
Fhada, an FHA derivative used as a model FhaC substrate 
jin Escherichia coli, by UT5600 (pFID12, pFc33) (right 
lanes) and UT5600 (pFID12, pAS-FCALE) (eft Lanes) 
Fha44 (top) and FhaC (bottom) were detected with 
appropriate antibodies by immunoblot analyses of 
onconcentrated supernatants and membrane fractions, 
respectively. wt, wild-type FhaC; AL6, FhaC lacking loop 
6, (B) Electrophysiological behavior of the FhaC 
derivative lacking L6, The current-voltage curve é shown, 
with the arrows indicating the direction of the applied 
voltage ramp. This -V curve should be compared to that 
‘of wildtype FhaC reported in Mili et al. (1). (O Single- 
channel recordings at +30 and +50 miv. The dashed 
lines represent the zero current level. C and O represent 
the dosed and opened states of one channel, respec- 
tively, (D) Amplitude histogram of the single-channel 


recordings at +30mY, illustrating the distibution ofthe 
caren values between the closed (€) and opened (0) wit, PW hat 
states of one channel. The main conductance of this 3 " 


channel is equal to 0.6 nS. (E and F) Behavior of =| -— 
FhaC-APOT1 and FhaC-APOT2. (E) Secretion of Fad 
by UT5600 (pF}12, pFe33) (left lanes), UT5600 
(pADI2, pAS-FeAPot1) (middle lanes), and UT5600 
(pFID12, pAS-FcAPot2) (right lanes), Fha44 (top) and 
FhaC (bottom) were detected with appropriate anti 
bodies by immunoblot analyses of nonconcentrated 
supernatants and membrane fractions, respectively. wt, 
‘APA, and_AP2 represent wild-type FhaC and FhaC 
lacking POTRA 1 or POTRA 2, respectively. The positions 
‘of the relevant proteins are indicated by arrowheads. The 
anti-FhaC immunoblot had to be developed for a long 
period of time, mos likely because the deletion variants 
‘were poorly recognized by the antibodies and their levels, 
‘of production were lower than that of the wild-type pro 
‘ein, (F) Elecrophysiological behavior of FhaC-APOT and 
FhaC-APOT2. Current-voltage U-V) curves are shown for 
the two proteins, These -V curves should be compared 
to that of wild-type FhaC reported in Méli et a. (16). The arrows indicate the direction of the applied voltage ramp. Note that the IV curve of FhaC-APOTL is 
similar to that of the wild-type protein, unike that of FhaC-APOT2, in keeping with the respective positions ofthe two domains relative to the barrel. 


A B c 


Fig. 4. Proposed model of FHA transport across the outer membrane. (A) The structure. (C) FHA progressively folds and elongates into its f-helical fold. (D) 
TPS domain of FHA in an extended conformation interacts with POTRA 1 of After the C terminus of FHA has reached the surface, the TPS domain 
FhaC. (B) The channel opens after conformational changes of loop <issocates from POTRA 1 and is translocated. The folding of the TPS domain 
translocation initiates, with FHA adopting transiently an extended {5 hairpin caps the N terminus of the FHA fs helix. 
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_xle and double substitutions were created in each 
fof these secondary structures, and the ability of 

FhaC variants to interact with FHA was assessed 
(ig. $6) by using an overlay assay developed pre- 
viously (25), Modifications in H2 affected FHA 
recognition by FhaC inthis overlay assay, indicating 
that hei H2 forms part of the specific recogni- 
tion surfice of FLA, 

Collectively, previous data (/5) and our new 
renesis data indicate thatthe L6 Joop-motit 
nd the POTRA domains, which are the hall- 
tures ofthe superfiily, constitute the 
tive secretion elements of FhaC. FHA is a S0snm 
elongated right-handed parallel helix (26-2%), 
\with the adherence determinants presented «an loops 
‘orextrabelical motifs along the felix, The helix 
interior is essentially filled with stacks of aliphatic 
residues (Val, Leu, Ie, Ala, and Gily), a charae~ 
teristic often observed in such f§ helices. In the 
ht of our structural and functional analysis of 
™ We propose the follwing model for trans- 
port of FHA across the outer membrane (Fig. 4) 
The N-terminal TPS domain of FHA, which is 
characteristic of TpsA proteins an harbors spe- 
cific secretion signals, initially interacts in an ex- 
tended conformation with the POTRA 1 domain in 
the periplasm. Given the orientation of the POTRA 
domains relative to the channel, the FHA-FhaC 
nteactions bring the region comesponding 10 the 
first repeats ofthe central helical domain of FHA 
in proximity to the tip of loop L6, Conformational 
‘changes in FhaC would then expel loop L6 out of 
the barre openings A to 16.\ lage depending 
‘on Whether H1 is inside or outside the channel dur= 
ing secretion) channel for FHA translocation (Hig 
S4, Cand D) Ineither ease, the channel wouk! not 
be wide enough to supp intemal fokling of the 
repeated [helical motifs of FHA: thus, this event 
likely takes place atthe cll surface. FILA may fier 
4 hairpin made-up of two extended polypeptide 
tains inthe channel, with its TPS demain anchored 
inthe periplasm. The first repeats ofthe adhesin 
‘could then reach the cell surface, where they could 
progressively fold into {Hhelical coils. The fora- 
tion of the FHA rigid B helix may provide the 
ceneny 10 drive is translocation through FhaC. 
Transport of FHA in this direction i in agreement 
\vith the observation that the C 
exposed 10 the 
(29), Afterthe C terminus of FHA has reached the 
suurfice, the TPS domain could dissociate from 
the POTRA domains and be translocated, capping 
the N temninus of the FHA B helix, Lastly, loo 
L6 could move back into the barrel. 

Because most TpsA proteins are presicted 10 
Id into helical structures (26, 27), the trans- 
port mechanism proposed here may apply mone 
‘generally 10 the secretion of TpsA proteins by 
their dedicated TpsB transporters. Al members 
‘of the Omp85-TpsB superfamily harbor one to 
several POTRA domains followed by a B bare, 
as well as conserved motifs comesponding to the 
L6 loop within the barrel, and they mostly handle 
substrate proteins rich in structure. Therefore, 
the major features described here are likely to re- 
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‘main valid throughout the family, although more 
complex molecular events are expected for some 
‘of those transporters, given that they are pan of 
macromolecular assemblies 
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Structure and Function of an Essential 
Component of the Outer Membrane 
Protein Assembly Machine 


Seokhee Kim,? Juliana C. Malinverni,? Piotr Sliz,* Thomas J. Sithavy,? 


‘Stephen C. Harrison,** Daniel Kahne™?* 


Integral f-barrel proteins are found in the outer membranes of mitochondri 


chloroplasts, and Gram- 


negative bacteria. The machine that assembles these proteins contains an integral membrane protein, 
‘alled YaeT in Escherichia coli, which has one or more polypeptide transport-associated (POTRA) 
domains. The cystal structure of a periplasmic fragment of YaeT reveals the POTRA domain fold and 
‘suggests a model for how POTRA domains can bind different peptide sequences, as required for a 
machine that handles numerous (-barrel protein precursors. Analysis of POTRA domain deletions shows 
which are essential and provides a view of the spatial organization of this assembly machine. 


though most biological membranes 
contain exclusively a-helical proteins, 


the outer membrane of Gram-negative 


bacteria and the organcllar membranes of 


mitochondria and chloroplasts contain -barrel 
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proteins (J). These integral frbarrel_ proteins, 
called outer membrane proteins (OMPS), are 
folded and inserted into membranes by a process, 
conserved between prokaryotes and eukaryotes 
(2-4), that involves the action of a multiprotein 
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machine (5, 6). Genetic and biochemical ex- 
periments have identified many parts of this 
machine in several organisms, inching Saecha- 
romyees cerevisiae and E. coli (3-13). The only 
‘conserved component in prokaryotes and eukar- 
‘yotes is an integral B-barrel membrane protein, 
represented by YacT in E.coli, Sam50 in 
mitochondria, and a Toc7S isoform in chlor 
plasts. A substantial region of all three proteins 
Ppmojects into the intermembrane spxice and con 
tains one or more predicted polypeptide transport 
associated (POTRA) domains (3, 4. /4). 

Proteins destined for the outer membrane of 
E, coli are synthesized in the cytoplasm and 
transported across the inner membrane through 
the SecVEG protein secretion machinery (Fig. 1) 
(U5) The signal sequence targeting them for se- 
cretion is removed at the outer face of the inner 
membrane. The processed] OMP then traverses the 
Periphasmic compartment to f-barrel assembly sites 
in the outer membrane, Chaperones my assist in 
Periplasmic passage (/6). It is presumed that the 
processed! OMPS contain structural features that 
allow them to be recognizad by the febarnel as- 
sembly machinery, which in E, coli consists of at 
Jest five interacting components: four lipopeotcins 
(YlgL, YO, NipB, and SmpA) and the con- 
served integral membrane protein, YacT (5, 13), 

‘There are homologs of YaeT in onganisms 
from bacteria wo humans (17) Recent experi- 
ments with E.coli YacT and S. cerevisiae SamsO 
have shown that these proteins are essential 
for Viability. Furthermore, levels of folded fe 
bamel proteins decrease and levels of misfolded 
Bebarel proteins inerease when they ane de 
pleted (4, 5, 7. 8 18, 19). YaeT was reported to 
bind C-terminal peptides of OMPs (20). The 
POTRA domain in SamS0 was shown to bind 


‘Department of Chemistry and Chemical Biology, Harvard 
Univesity, Cambridge, MA 02138, USA. “Department of 
olecuar Bilgy, Princeton Univesity, Princeton, Ni) 
(08544, USA. "Department of Biological Chemisty’ and 
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MA 02115, USA. ‘Howard Hughes Medial insite and 
Children’s Hospital Laboratory of Molecular Medicine, 
Beton, MA 02115, USA. 
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Fig. 1. Diagram of bacterial outer membrane 
protein (OMP) biogenesis. 
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unfolded B-barrel precursors, suggesting that 
this POTRA domain plays an important role in 
assembling other B-barrel proteins in the mito 
chondrial membrane (2/). Biochemical studies 
‘of truncated variants of Toe7S have also impli- 
cated its POTRA domains as docking sites for 
proteins destined to be targeted to, oF across, 
biological membranes (22), No structure of a 
POTRA domain has yet been reported. 

We expressed and purified the periplas- 
mic domain of E. coli YacT containing all five 


O88utsier 


POTRA domains (YacTa1.ax0) (23, 24). Crystal- 
lization of this construct was unsuccessful, but a 
shorter ffagment containing four POTRA do- 
mains (residues 21 t0 351) yielded well-ordered 
crystals with diffraction to spacings of 22 A 
03.29, 

The overall stricture of YaeTa1ss) has 
fishhook-like shape, with successive POTRA 
domains rotated in a right-handed direction 
(Fig. 2, A and B), Despite having low sequence 
similarity, the POTRA domains have similar 


oaossee—s 
S38°888a% 
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Fig. 2. Structure of YaeT. (A) Domain organization. (B) X-ray structure of YaeTa1ss1. POTRA 
domains PL to P4 are colored yellow, green, blue, and red, respectively. The eight residues from PS 
are colored gray. The missing electron density in the P3 domain is represented by a dashed line. 
(© Ribbon diagram of a POTRA domain (P2) with side chains of the conserved residues shown. (D) 
‘Sequence alignments of POTRA domains from selected members of the YaeT/Omp85, Sam50, and 
Toc75 families, found in Gram-negative bacteria, mitochondria, and chloroplasts or cyanobacteria, 
respectively [adapted from Sanchez-Pulido et al. (14)]. Conserved residues are highlighted (28). 
The intensity of the orange color reflects the level of conservation in physicochemical prop- 
erties. (E) X-ray structure of the dimer. The POTRA domains in one monomer are colored as in (B); the 
‘other monomer is purple. (F) Dimer interface showing the C-terminal residue contacts of one monomer 
(aray) to the P2 (ight green) and P3 (light blue) domains of the other monomer. Labels represent 
hydrophobic residues. L, Leu; Y, Tyr; F, Phe; V, Vat: 1, le; T, Thr. 
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folds, comprising a three-stranded sheet 
overlaid with a pair of antiparallel helices (Fig, 
2C). The onder of secondary-structure elements 
is Bea-a-B-6 (disproving a previous prediction) 


(14, the first and second Bi strands form the two 
edges of the sheet, with the 3 strand sand- 
\iched between them. The conserved residues 
that define the POTRA domains are primarily in 


His-YaeT 
aP2__AP3_ APA APS 


His. 
His -YaeT(D241->245) 
His-YaeTS 


(uve) 


Fig. 3. (A) SDS-PAGE analysis of YaeT wild-type (wt) and deletion mutants from whole-cell lysates, 
without (-) and with (+) prior heat treatment. Proteins were detected by Western blot analysis with 
the use of an antibody recognizing the His tag. (B) His-tagged YaeT wild-type or deletion mutants 
(AP1 to APS) and associated proteins following Ni-affinity chromatography. Eluted samples were 
blotted against His-tag, Yigt, NlpB, SmpA, and YFiO antibodies. (C) The purified YaeT complex run 
‘on a Blue-Native PAGE with molecular weights from a standard lane indicated. (D) Same as in (B), 
but Yaet was blotted with an antibody to YaeT. YaeT.P1 cannot be detected with our YaeT peptide 
antibody. (E) His-tagged wild-type YaeT and P3 mutants after purification by Ni-affinity chroma- 
tography and analysis, as in (B). 
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the hydrophobic core or loop regions, sugest- 
ing that they are important for the structural 
€ and D). 
tal (Fig. 2E). 
The two monomers ate intertwined, burying 
1900 A? of solventaccesible surface of each 
monomer, The longest contiguous set of con- 
tacts between monomer units involves a series 
of main-chain hydrogen bonds between the [2 
cedge of the P3 domain of one monomer (Asp? 
to Leu?) and the first residues (Asn** to 
Lys) of the truncated PS domain of the other 
monomer (Fig. 2F), These residues form a 
parallel strand with respect to the B2 edge of 
the P3 domain and bury ~1000 A?, more than 
half the total buried surface, There are no other 
extensive contaets between monomers, Suge 
ing that dimerization is mediated ty this parallel 
[stranded interface, Formation of this interfve 
may have been necessary for growth of well 
cordered crystals given that slightly shorter 
(VaeTay.s49) OF longer (YacTyy. 58) constructs 
failed 1 erystallize. Nonetheless, highly ordered 
contacts are conserved at the intefices between 
successive POTRA domains (fig. S1), suusest- 
ing that the fishhook conformation is prese 
the monomer, 

We donot think that the dimer is physio- 
logically relevant for several reasons, Fits, 
YaeTaras1 elutes as a monomer from a size ¢ 
clusion column (fig. S2), implying 
stability of the dimer observed in the crys 
weak. Second, the N terminus of PS, which forms 
‘one of the B stands ofthe dimer interface, woul 
‘ot be available to interact with P3 in the full 
Aength protein because the interacting residues 


Fig. 4. Essentiality of POTRA domains, Cultures 
were grown with t-arabinose (A) or o-fucose (B) to 
induce or inhibit wild-type yaeT expression, which 
is driven by the ara Paap promoter (5), Plasmid- 
borne yoeT variants were constitutively expressed. 
‘Samples taken after 6 hours were subjected to 
‘Western analysis. (A) Strains expressing plasmid 
borne yaeT variants grew normally when wild-type 
‘yaeT was expressed, YaeTAPL cannot be recog- 
nized with our YaeT peptide antibody (Fig. 3). 
Strains have low levels of DegP and normal OMP 
levels (LamB and OmpA). (B) When wild-type YaeT 
is absent, strains producing mutant YaeT variants 
‘exhibit growth defects. Strains expressing API and 
AP2 grow better and have higher levels of OMPs 
than AP3, AP4, and the vector-only control. Al- 
though levels of AP2 cannot be quantified, AP2 is 
stable, indicating insertion into the membrane 
‘even in the absence of wild-type YaeT. Neverthe- 
less, all strains lacking wild-type YaeT exhibit a 
strong extracytoplasmic stress response (increased 
DegP) indicative of OMP-assembly defects. Asterisk 
in (B) corresponds to proteolyzed DegP. OD, op- 
tical density. 
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‘would be bared in the PS hycrophobic core. Never- 
theless, the dimer interface shows that one way 
in which other polypeptides can interact with 
POTRA domains is by B augmentation (25), 

‘The lipoproteins in the OMP assembly 
‘complex reside in the periplasmic space along 
With the five POTRA domains of YaeT, One 
function of the POTRA domains in YaeT could 
‘he to provide a scaffold to organize these lipo- 
proteins. Using the crystal structure as a guide, 
Wwe prepared five N-terminally His-tagged YacT 
deletion constructs, each lacking a POTRA do- 
main, All five deletion constructs (YaeTAPI to 
YacTAPS) could be expressed in an E) coli 
ng a wikt-type chromosomal sae 
ll were targeted 10 the outer membrane 
and folded as judged by heat modifiability (Fig. 
hh deletion construct was purified by 

graphy, and eluents were 
ich lipoproteins were 
present, Any of the first four POTRA domains 
‘can be deleted without disrupting the interactions 
With YHO, NIpB or SmpA; however, the PS 
deletion loses all three of these lipoproteins 
(Fig. 3B). YfgL. disappears when any POTRA 
domains except PI ane deleted (Fig. 3B). These 
studies show that the periplasmic portion of YaeT 
scaffolds the other four proteins: and the studies 
also outline the spatial onganization of the OMP 
assembly complex. Although YacT purified from 
inclusion bodies is reported to form higher-order 
‘oligomers (20), the multprotcin OMP assembly 
‘complex behaves as a monomer. [thas mobility 
© polyacrylamide gel electropho 
corresponding to a mass less than 
230 KD (Fig. 3C). Furthemore, wild-type YacT 
does not associate with the Hisstagged YaeT 
POTRA domain deletion mutants (Fig. 3D). 

Tos assess the fi eof cach 
POTRA domain, we constructed five POTRA 
domain deletion mutants without His tags for 
complementation studies nan E. colt YooT 
depletion strain. The API and AP2 mutant pro- 
teins retained partial function: Strains expressing 
these proteins can survive YaeT depletion but 
grow poorly (Fig. 4). Strains producing the AP3 
and APS mutant proteins did not survive YaeT 
depletion (Fig. 4), showing that P3 and PA are 
essential for viability even though neither seat 
{olds an essential lipoprotein, The APS construct 
‘could not be introduced into the YaeT-depletion 
strain even under conditions where wikltype 
YaeT was expressed. Apparently, the APS mutant 
protein is tosic 10 cells in this context. Because 
‘we cannot detect an interaction between the mu 
tant protein and wiklype YacT or any of the 
lipoproteins, we suggest that APS mishandles 
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nascent B-barrel substrates, producing harmful 
misfolded or ageregated OMPS. 

PS has. a feature not present inthe others —a 
bulge (Hhe™® and Asp™" in strand 2. This strand 
is at the edge that binds the vestigial residues of 
PS, and the bulge appears to expose the strand for 
8 augmentation. To determine whether this fea- 
ture of P is involved in an esential function of 
YacT or in its association with YfgL, we moved 
Asp two and four residues along the B strand 
to aher the likely location of the bulge and to 
reduce or disrupt the potential for B augmen- 
tation. These bulge translation mutants were 
‘expressed at wild-type evels. The two- and 
fourresidue shifis decreased and abolished, 
respectively, binding to YfeL (Fig. 3E), but both 
mutants complemented the YaeT deletion strain. 
‘These resulis show that the edge of P3 partic. 
ipates in binding Yi@L but that the essential 
funetions of P3 do not involve the modified edge 
‘of the domain, nor do they require its interactions 
with YigL, as expected from the nonessential 
nature of this lipoprotein. 

‘The crystal structure may also hold clues 1 
‘ther functionally important regions of P3. The 
only residues in the polypeptide chain that are 
not resolved in the crystal structure are located 
within the loop between the al and a2 helices 
‘of P3. We have previously isolated a mutant that 
‘encodes a YaeT variant, YaeT6, which contains 
2 Wo-amino acid insertion in the same region 
‘of the a@l-a2 loop (/2) of P3. YaeT6, which 
retains the ability to bind YfgL (Fig. 3E) as well 
as the other three proteins of the OMP assembly 
‘complex, compromises OMP assembly in a w 
type background, but suppresses the outer 
membrane permeability defects conferred by 
imp4213, a mutant allele of an essential gene 
that encodes an OMP that is required for lipo- 
polysaccharide assembly (26). The «1-a2 loop 
‘of P3 may interact with Imp, providing an ex- 
planation for why mutations that alter the loop 
Suppress the permeability defects caused by 
imp 4213. 

Notably, B-strand augmentation (25), ob- 
served in the dimer interface of the YacT crystal 
structure, occurs in other complexes that bind 
unfolded OMPs— for example, the PDZ domain 
‘of DegS, which helps clear misfolded OMPs 
from the periplasm (27). We have shown that P3 
may bind YfgL in this way, and it is possible 
that other POTRA domains, which also contain 
exposed edges. interact with polypeptides by 
strand augmentation, This mode of capture 
would allow POTRA domains to participate in 
assembling the 8 barrels of OMPS in a mance 
that is insensitive to the diversity of their pri- 


‘mary sequences but dependent on their common 
hydrophobic periodicity. 
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Dynamic Live Cell Research 


The Leica AM TIRF MC (total internal reflection fluorescence, multi-color) allows the entire 
fluorescence excitation spectrum to be used for real-time visualization of live cell dynam: 

ics. Leica’s unique scanner sensor automatically matches the TIRF angle at all wave 

lengths to the required penetration depth, and positions the laser so that the TIRF pene- 
tration depth remains constant even when the wavelength is changed. The Leica AM TIRF 
MC integrates four solid-state lasers for the excitation of fluorophores at wavelengths 
from 405 nm to 632 nm. The system features extremely short switching times and an 
ultra-high synchronized frame rate. For the scientist, this means flexibility for exper: 

‘ments with multiple fluorophores. The system is particularly useful for exploring molecu: 

lar interactions at cell membranes and molecular interactions of proteins and receptors 
involved in transport mechanisms. With this instrument, a scientist can examine single 
‘molecules near the cell membrane, study co-localization and vesicle transport, and com 

bine TIRF and fast fluorescence resonance energy transfer. 

Leica Microsystems For information +49 (0) 6441/29-2550 wwneleka-microsystems.com 


Spectrophotometer Cells 
Spectrophotometer cells with precisely con: 
trolled path lengths down to 8 microns are 
available. These cells are suitable for the meas 
‘urement of low transmittance samples when 
dilution is not an option, To achieve the 
‘equired accuracy, path length is measured by 
‘near-infrared interferometry. Using this tech: 
‘nique, absolute path lengths in the range of 
8 fo 200 j1m can be measured with an uncer 
tainty budget of £0.2 jim. This is an order of 
‘magnitude better than is achievable using 
‘mechanical measurement techniques. The win 
dows are ultraviolet-grade quartz and the cells 
are available in fully fused, demountable, and 
‘ow cell formats. They can be used in any con: 
ventional spectrophotometer 
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“+44 (0) 20.8501 5550 wwnstarnacom 


Allprotect and AllPrep 
Allprotect Tissue Reagent immediately stabilizes 
DNA, RNA, and protein in tissue samples for 
{ong-term storage without freezing. The AllPrep 
DNA/RNA/Protein Mini Kit allows simultaneous 
purification of these three analytes from the 
same sample, Immediately submerging fresh tis: 
sues in Allprotect Tissue Reagent preserves the in 
vivo profile of DNA, RNA, and protein is pre 
served. Tissues are stabilized at room tempera 
ture and can be safely stored for up to six months 
at2 to 8° Cor longer at ~20° C of ~B0°C. Tissues 
also remain stabilized at 15 to 25° C for up to 
seven days, allowing shipment without ice, With 
the AllPrep DNA/RNAVProtein Mini Kit, separate 
{actions of DNA, RNA, and protein are simulta 
‘neously purified from the same tissue sample in 
a simple spin-column-based procedure without 
phenol and acetone. There is no need to split the 
sample into three parts prior to purification. 
Genomic DNA and total RNA purified using All 


www. sciencemag.org 


protect and AllPrep deliver optimal performance: 
in all downstream applications 

Qiagen For nlrmation 800-426-8157 
vn.gagen.com 


Whole Transcriptome Kit 

The Quantitect Whole Transcriptome Kit delivers 
high and reproducible complementary ONA 
(CONA) yields from limited amounts of RNA by 
whole transcriptome amplification. The cDNA is 
intended for use in real-time polymerase chain 
reaction (PCR) and contains uniformly amplified 
targets to ensure reliable gene expression analy 
sis. Comprehensive gene expression analysis of 
rare samples is often not possible due to low RNA 
amounts. The Quantifect Whole Transcriptome 
Kit overcomes this by amplifying all messenger 
RNA transcripts in a sample. From as litle as 1 
ing RNA, up to 40 j1g CDNA is generated for 
unlimited real-time PCR analysis and archiving, 
The kit achieves highly uniform amplification of 
all mRNA transcripts. The 5° and 3° regions of 
each transcript are equally amplified, and the 
relative abundance of each transcript is pre 
served after amplification. This ensures unbiased 
‘esults in subsequent gene expression analysis. 
Qiagen For information 800-426-8157 
vemmiagen.com 


High Resolution Image Analyzer 

The G:BOX Chemi XL automated image analyze i 
suitable for producing precise images of protein 
immunoblots labeled with any Qdot color. This 
new instrument features a high resolution (5.5, 
megapixel) 16-bit charge-coupled device, cooled 
camera with digital zoom inside a darkroom fitted 
with a motor driven sample stage. When Syngene’s 
nine: postion fit whee, lighting unit, and dot 
filter options are added, the system can provide 
fast, accurate imaging of multiple Qdot antibodies 
1 the same blot without the need for re probing 
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www.sciencemag.org/products 


the sample. The camera features an ability to sep: 
arate close, different colored band images. It 
includes easy-to-use image analysis and image 
Capture software. More researchers are using Qdots 
tolabel protein immunoblots because they can tag 
their proteins with diferent colored fluorescent 
‘markers on one blot, which makes it easier to di 
{erentiate total and post-translationally expressed 
proteins, but requires an imager that can visualize 
different fluorescent wavelengths. 

Syngene For information +44 (0) 1223 7727123, 
svsyngene.com 


Genetic Research Database 

The iControlDB is the first industry-hosted geno- 
typing control repository for use by researchers 
conducting case-control whole-genome associa: 
tion studies. Case-control studies compare 
groups of patients who already have a disease 
(case) with a group of patients without the dis: 
ease (control) to identify risk factors that may 
contribute to a medical condition. The iCon: 
trol 8 provides a cost-efficient and quick way for 
investigators to obtain control samples, allowing 
them to focus resources on genotyping disease 
samples. Combined with the database of Geno: 
type and Phenotype, the new database enables 
the scientific community to access nearly 10,000 
control samples that have been donated by 
researchers using Illumina’s technology for sin 
le-nucleotide polymorphism genotyping. 
‘tlumina For information 312-997-2436 
swvoellumina.conviContraDB 


Neniy offered instrumentation, apparatus, and laboratory 
materials of interest to researchers in all disciplines in aca- 
eric, industria and government organizations are featured 
in this space. Emphasis is given to purpose, chiel characteris 
tis, and availabilty of products and materials. Endorsement by 
‘Science or BAAS of any products or materials mentioned isnot 
‘implied. Additional information may be obtained from the 
smanulacture or supple, 
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4 
Zooming in. Catherine Wu 
at Dana-Farber Cancer 
Insti forged her own path 
in tansatonal research but 
ew raining programs ae 
making tha career path ease 


a. 


Carving a Career in 
Translational Research 


An influx of public and private funding is invigorating a field that 
challenges some traditional notions of science 


a 


wanted to bridge research and clinical prac~ 


tice, she needed to understa 
Every day for2 months, she questi 


id her options. 


ned senior 
and junior faculty members on the basic and 
clinical ends of the research spectrum—no 
small task for someone working 13-hour 
days, typically without a break. 

She ultimately chose to study leukemia 
patients’ immune responses to bone marrow 


transplants, an area conducive to transla~ 
tional research in part because the work 
involves treating patients with human cells, 


nic health 


which can be prepared at acad 
centers. Now a medical oncologist at the 
Dana-Farber Cancer Institute in Boston, Wis 
is professionally fulfilled by work that 


involves a steady interplay between clinic 
and lab, “There is something truly incredi- 
ble about seeing whether your patients ben 


efit from the therapy that you've devised, 
she says. “It inspires you to do better, to 
think more broadly, to generate the tools that 
you need to understand what's g 
your patients.” 


ping on in 
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Bridging the divide that se 
tory biomedical research from 


difficult. Now, 


at the clinic has always bee 
translational research has emerged as a field 
in its own right, aided in large part by the 
National Institutes of Health (NIH) Roadmap 
for Medical Research, a collection of init 
tives that prioritize efforts to shepherd bi 

cal application. 
ined mome 
in the field have 


medical discoveries into cli 
As translational research ha: 
tum, training opportuniti 
expanded rapidly 

Still, embarking on a career in trans- 


ational research is hazardous, 
Hayward, cli 


a tremendous leap of fa 
gators to commit themselves to translational 
research, It takes a special sort of person; you 
have to be willing to take risks.” 


Follow the money 

Part of that risk is in funding: Budgets for 
biomedical research are tight and may 
remain so for several years. However, fund- 
ing for translational research appears to be 
rethaps the most visible evidence 


SCIENCE 


of growth is NHS new Clinical and Transla- 
tional Science Awards (CTSA) program. The 
first 12 CTSAs were bestowed last October 
and more will be announced in September. 
NIH plans to fund 60 awards altogether, 
worth about $500 million annually by 2012 
CTSAS are required to include train 


career-development components, 
initial dozen devote about 13% of their 
budgets to these areas 

Thisis what American medicine has tried 
s Robert 
Rizza, who directs the recently awarded 
CTSA program at the Mayo Clinic in 
ochester, Minnesota, 


to do for many, many years,” si 


Training opportunities abound 
M.D.-Ph.D. pro; 
approach to training young investigators who 
An M.D. 
ee followed by a research fellowship or a 


ms are one obvious 


want to do translational research, 


postdoc is another. 
But institutions all over the United States 
are developing shi 


ted pro- 
grams that cater to both physicians and 
Ph.D. scientists. The Mayo Clinic, for exam- 


ple, offers Ir 


aster’s program and a I-y 
certificate program in clinical and trans: 
Jational science, both aimed mostly at M.D. 
Demand for these programs, both now inte- 
od into Mayo’s CTSA, has mushroomed, 
says Sherine Gabriel, director of education 
fo Clinic's CTSA. “There 
to do this,” Gabriel says. 
is dealing with the 
The master’s pro- 


resources at the Mi 


is such a hung. 
“My bi 
queue outside my door 


st challe 


gram in clinical and translational science, she 
says, enrolls more students than all other 
at Mayo together. 

Other re ted programs, many 
funded by private foundations, try to capture 
the interest of M.D.‘ earlier. The Howard 
Hughes Medical Institute (HHMI) in Chevy 
Chase, Maryland, operates two programs 
that allow medical students to take a year out 
‘of medical school to conduct basic labora- 


master’s progran 


tory research. The Doris Duke Charitable 
Foundation in New York City runs a similar 
ch, Some 


program focused on clinical re 
schools also independently offer such “1 


year out” prog 

Translational research training for Ph.D, 
scientists has bee ention, 
too. Gary Koretzky, assa 
University of Pennsylvani 


getting more a 
ie director of the 

’s M.D,-Ph.D. 
program, says institutions have started to ree- 


ize that 
vocabulary of medicine and a sense of how 
physicians think about problems that they 
encounter with patients, they'll find it easier 
to do research that is both scientifically 


[basic scientists] the 


rigorous and relevant to disease processes 
‘and patient care. 

M.D.-Ph.D. neurobiologist Ben Barres, 
who directs a new master’s of medicine pro- 
gram for science Ph.D. students at Stanford 
University in Palo Alto, California, welcomes 
the shift. Students do the math, Barres says, 
‘and “realize that if they did all the traditional 
training for both degrees, they'd be almost 
40 before they finished. I'S just too much.” 

tanford's program is one of |3new"Med 
Into Grad” programs that HHMI launched 
last year. Students complete the same I'-year 
course sequence that all medical students 
‘complete, taking classes alongside med stu 
dents while also working on Ph.D. require- 
ments. Other Med Into Grad programs offer 
more targeted pieces of the medic: 
curriculum to science students—for exam- 
ple, steering neuroscience students toward 
neuroanatomy courses. 

These programs are still in their early 
years, but it’s evident that they will be popula 
Barres says Stanford's program has been 
flooded with applications. “There's been a sea 
change of interest from the Ph.D. students 
compared with 5 or 10 years ago.” he says. 
percent of incoming Ph.D, students 
ons biosciences programsapplied 
the program in its first year, Barres says 
Other options are proliferating. This y 
the Mayo Clinic. like many other CTSA 
recipients, enrolled its first students in a new 
Ph.D. program in clinical and translational 
science, Students work with a multidiscipli- 
nary mentoring team to develop research 
projects and take on a core curriculum that 
ncludes rotations in bench science, patient- 
based clinical research, and population-based 
research, Coursework is designed to build 
skills in designing clinical trials, responsible 
conduct of research, and grant writing. “We 
‘want students to explore questions that crass. 
disciplinary boundaries, then develop 
research projects that are every bitas deep and 
rigorous as any traditional research project,” 
says Gabriel 


school 


Funding independent research 
The transition from trainee to independent 
investigator is a particularly vulnerable 
point in a translational researcher's career. 
William Crowley, director of clinical 

if research for Massachusetts General Hospi- 

3 tal in Boston, observes that, although NIH’s 

J many programs to support taining in olini- 

8 cal and translational research have been 
“spectacular.” the academy is now filled 
with well-trained translational researchers, 

§ all trying to land independent research 

§ grants just as the NIH pay line is plummet- 


www.sciencemag.org 


12. “We're about to lose a 
young translational investigators.” he says. 

To avert that outcome, “we need lon; 
steady investments in translational research, 
not dramatic ups and downs.” says Queta Bond, 
president of the Burroughs Wellcome Fund 
(BWF) in Research Triangle Park, North Car- 
olina, Her organization and others have 
stepped in to help, BWF's Career Awards for 
Medical Scientists provide $700,000 over 
5 years to bridge postdoctoral or fellowship 
training and the 


‘Translational Research providde $750,000 over 
S years to faculty members inthe late-assistant- 
professor orearly-associate-professor stages of 
their careers, The intention of the translational 
wands, says Bond, is to buy time for junior 
faculty members “to keep them in research and 


/ 


Translational training. Ben Barres of Stanford 
directs a new master’s of medicine program for 
science Ph.D. students. 


keep them training younger investigators.” Last 
year, HHMI gave out its first early-career 
awards— initially to 13 investigators, a group 
that soon expanded to 20, Awandces receive 
$375,000 over 5 years. 

The pharmaceutical industry is another 
potential player in providing career support for 
oung investigators, but so far it's untapped. 
‘The Clinical Research Forum, a consortium of 
leading academic health centers headed by 
Crowley, has asked pharmaceutical compa 
nies for a combined $10 million per year for 
3 years (the minimum length of time the group 
expects NIH budget problems to persist), ti 
create “bridging awards” for young investiga. 
tors who have completed an NIH clinical 
research training grant, have narrowly missed 
receiving funding for an independent grant, 
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and are employed at institutions that will 
match the funding and allow recipients to 
spend at least 75% of their time on research, 
It'sa creative strategy, but Crowley won't 
place odds on the initiative's su 1 just 
don’t know how pharma views its colle 
social responsibility.” he says. Some comp: 


nies have indicated interest, he says, but “no 
checks are 


n the mail.” 


young translational researchers encounter, 
‘Other factors challenge traditional measures 
of scientific success. For example, grant and 
tenure success depends on researchers 
ability to publish in top journals, but as Wa 
observes, “translational research deals with 
patients, and patients aren't a model system, 
Establishing causality is always a challenge 
Is not a slam-dunk that you're going to get 
into Science or Nature. 

‘Some translational researchers worry that 
their individual efforts on multidisciplinary 
teams will go unrecognized, hindering 
chances for promotion and grant success. In 
2006, NIH began accepting grant applications 
that identify more than one principal investi- 
gator, a measure that may partially address 
this concem. 

Physician-scientists—an impor 
the translational-research work for 
‘mounting pressure to generate income through 
patient care, That makes it tougher than ever to 
carve out time for research, says Wi 
Galey, HHMI's director of graduate and med- 
ical education. Crowley adds that complex and 
conflicting requirements from multiple regul 
tory bodies “make translational re 
aasdaunting toa young investigato 
chase racecourse Looks to horse: 

These obstacles and others add up to the 
conclusion, Crowley says, that “theresa lot of 
easier ways to make a living.” Nevertheless, 
he says, “there has never been a better time or 
opportunity to do good and alleviate human 
suffering by research than now. If have one 
regret about my career in translatio 
research, i's that I'm not 30 years younger: 

Time will tell whether institutions and 
funding agencies will sustain support for 
translational research and continue to plumb 
the storehouse of basic biomed 
tw help sick people. Meanwhile, res 
entering the fray should do so with optimism 
and caution, And, Wu advises, “go with what 
you passionately care about, because it's a 
Jong row, no matter how you hoe it 

~SIRI CARPENTER 


Siri Carpenter isa freelance science writer in Madison, 
Wisconsin, 
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Translational Institute Unites 


Unlikely Partners at Penn 


Translational research breaks barriers between the lab and the clit 


institute, brings together some unlikely collaborators 


The Hospital of the University of Pennsylva- 
nia and the Children's Hospital of Philadelphia 
(CHOP) sit side by side on the south edge of 
mpus, But a few years ago, when the} 
launched a joint ranslational research initia- 
tive, the separation loomed like an ocean, The 
‘ovo hospitals have completely separate 
finances, and their research arms compete 
with each other, So getting them to collab- 
‘orate, says Penn pharmacology pro- 1 
fessor Garret FitzGerald, was like | 
“Franco-German rapprochement, 

FitzGerald is director of Penn's 
Institute for Translational Medi- 
cine and Therapeutics (ITMAT), 
Jaunched in 2005 to unite and 
expand clinical and translational 
research programs across the Penn 


Pus, including those at the two hospitals. Last Despite some 
year, Penn was one ofa dozen institutions 
awarded a National Institutes of Hea 


(NIH)-sponsored Clinical and Translatio 


Science Award (CTSA), a $68 million, 
‘grant (see p. 966). Penn is investing $30 mil- 
Tion of its own money in the effort 


‘New facility. Abuilding devoted 
to translational medicine (right) 
will be part of Penn's Perelman 
Center for Advanced Medicine. 


‘bumpy bits” during neg 
tiations between Penn and CHOP, says 
fh FitzGerald, “{we] have worked more and more 
together, and this has gone extreme! 


Establishing research and training 
Building infrastructure to support trans! 
tional investigators is key. “The previous 
model before was, you do the whole thing 
yourself” notes Carl June, director of transla- 
tional research at the Abramson Cancer Center 
at Penn, But tougher regulatory requirements 
and more complex science now make that 
impossible. To help investigators, Penn 
employs clinical trial application specialists 
and has core facilities in everything from 
bioinformatics to proteomics, as well as a 
translational imaging center, Meanwhile 
CHOP is constructing a new building that 
\ill support mouse model work—including 
small-animal imaging—which is essential 
for evaluating new cancer therapies. 
Because the skills needed for trans- 
ational science are so diverse, FitzGerald 
argues for a completely new “inter- 
disciplinary” discipline, Penn offers 
a master’s degree in translational 
research and a joint MTR-Ph.D. 
program. In addition, Penn has a 
grant from the Howard Hughes 
Medical Institute in Chevy Chase, 
Maryland, to develop courses to expose Ph.D. 
students to clinical research to inspire them to 
find cures for diseases 
In terms of research experience, Penn 
offers seven fellowships for translational 


la 


and, at one 


well! 


EUROPEAN PROGRAMS OFFER TRANSLATIONAL TRAINING 


Birgit Pless got her first glimpse of translational research in 2003 when, as a 
student working toward a master's degree, she did an internship at Berlin's 
Benjamin Franklin University Hospital. She spent the summer searching for 
new drugs for inflammatory bowel diseases. Once she had been dazzled by 
the bright promise of helping patients in their daily ie, basic research pated. 

But it wasn’t until April of this year that she found another training 
‘opportunity in translational research. That was when she heard about the 
new, Frankfurt-based International Research Graduate School for Transta 
tional Biomedicine (FIRST), where she just enrolled this summer. “Only 
IFIRST] combined basic research with applied medicine and taught pharma 
ceutical basics,” she says, 

Translational research i fast becoming a priority in Europe. The European. 
Commission set the tone by targeting most of its €6 biltion health research 
budget for 2007-2023 at pan-European translational projects. Dedicated 
training programs such as FIRST are multiplying, but they remain few, vary 
Greatly in approach, and are often worksin progress. Three new European pro- 
‘grams exemplify the range of approaches totriningin translational research, 


Injecting medicine into basic science 
The new Medical Research Council (MRO Centre fr Translational Research 
in Neuromuscular Disease, based at University College London (UCL) and 
Newcastle University, aims to provide a broad understanding of clinical 
onteat to influence research questions, says Michael Hanna, 2 neurologist 
at UCL's Institute of Neurology. The center, which will open its doors this 
October under Hanna’s direction, received a £3.5 million grant from the 
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[MRC to support its first 5 years, including the Ph.D. training of six biology 
students and two medical doctors, 

Basic-science students will get direct contact with clinicians and patients, 
at partner hospitals to pique their interest in research questions relevant to 
clinical care, Hanna says. Students will spend a year taking introductory 
courses on neuromuscular disorders and learning neuroscience techniques 
before starting a 3-year research project. 

The two physicians wil research a 3-year Ph.D. project in which they 
will work closer to patients than most basic scientists can, Hanna says. 
Hanna hopes to soon get more funding for training. “The intention wil be 
to... have a lot more [students] in the future,” he says, 


Aroundtrip, bench-to-bedside 

49 2004, the Univesity of Milan~Bicocca in tay launched an international 
doctoral program in translational and molecular medicine called DIMET. 
DIMET connected the department of biotechnology and biosciences with the 
faculty of medicine so students could move easily between basic and 
applied biomedical research. 

Some DIMET students’ projects take a disease-driven approach, whereas 
others start with a basic finding and aim to develop clinical applications 
Combining the two approaches is as fundamental for translational 
researchers a itis challenging, says DIMET coordinator Andrea Biondi, a cli- 
niician and cancer researcher at the university. 

Some science students got to work at the interface between the lab 
and the clinic. After generating T cells against cytomegalovirus, medical 
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research, along with 12 offered through the 
CTSA, and five more fellowships through 
NIHT32 research training grants. 

To encourage cross-disciplinary research, 
only researchers from different departments 
\who haven't worked together can quallify fora 
$150,000 transdisciplinary ITMAT seed 
‘grant, Six pairs of senior investigators won 
‘grants inthe latest funding round. 

Penn is trying to push translational 
ch in nontraditional directions. One 
novel center is Personalized Medicine in 
Translation (PERMIT). This center will fund 
the expert staff and facilities needed to exam 
ine how genetic variants affect drug response 
and will give traditional clinical studies a new 
dimension by identifying which individuals 
are most likely to benefit or suffer sie effects, 


res 


Bench to bedside. Assistant professor Tilo Grosser 
(ft) and fTMAT Director Garret FiteGerald are bringing 
translational research to the forefront at Penn. 
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sharing credit, which could also devalue 


[Penn] where promising trans 
researchers had to go back and just do ba 
research in order to assure their promotio 
says June, “That's not good.” Grosser thinks 
thatthe breadth of clinical research opportuni- 
ties at Penn, encompassing genomics, mechat- 
nistic work, and animal modeling. makes 
career setbacks less likely 

Although tenure commit 
still dominated by ROI-type 
FitzGerald, they are gradually taking into 
aceount the team contributions and lower pub- 
lication rates among translational researchers 
“That's an ongoing issue," June says. 

Thomas Curran, a CHOP neurobiologist, 


FitzGerald’s own lab worked out the 
likely mechanism of Cox-2 inhibitor cardiac 
toxicity, and PERMIT is designed to detect 
and individualize such problems before drug 
launch, not after, FitzGerald is now probing 
why people differ in their response to all 
nonsteroidal anti-inflammatory drugs. 


basic sciene 


he says. 
Cautions 

Asa postdoc in FitzGerald’ lab, Tilo Grosser 
played. big role in the Cox-2 work, He is now 


trial looking at drug- 


Head first. Birgit Plessis among the first students to attend the Frankfurt- 
based International Research Graduate School for Translational Biomedicine. 


 biotechnotogist Erica Dander, 26, wrote in collaboration with her mult 
1 islinary team a succesful clinical ial protocl et whether nec 
i ing the T cells could kill infected cells in transplant patients. Working at 
the nearby San Gerardo Hospital, she was “in the right environment to 
: find help” with the protocol, she says. 
The program's biggest limitation i its budget, Biondi says; it only receives 
2 a few thousand euros a year from the university, and most scholarships are 
B raised by the participating professors. Still, DIMET will enroll 25 students for 
E the next academic year. “We are just at the beginning, but we have seen from_ 
5 the first year a progressive increase in applications,” Biondi says. 
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an assistant professor setting up his own lab 
‘at Penn, and he just applied for his first 
ROL grant. Grosser knows that a career in 
translational research is risky compared to 
Tam evare of the issues, partic 
ularly the [smaller] number of publications’ 
“These studies take a lot of time.” 
Grosser points out that a single small elinical 
sponse variabilit 


take 3 years, including patient se 


cancer researcher, and ITMAT member, agrees 
that fears of failed clinical trials and nonexist- 
ent publications are real, but they shouldn't be 
career killers. “First, if you have all of those 
cconcems, you're in the wrong job, because this 
isa risk-taking enterprise.” he says, “Second is, 
plan for success, never plan for failure 
‘Come into it with the attitude [that] whatever 
you do, you're going to do the highest quality 
[work], and you're going to be successful 
recognizing thereSan element of doubt 

KEN GARBER 
en Garber is areance writer in Ann Abr, Mchigan 


could 
eening and 
data analysis. Andlin- 
ical research involves 


Promoting drug development 

The FIRST program at the University of Frankfurt aims to address a lack of 
Ph.D. graduates who really understand the drug-development process, says, 
Dieter Steinhilber, the coordinator of FIRST and a pharmacologist atthe uni 

versity’ Institute of Pharmaceutical Chemistry. 

Starting in October, scientists will learn about medical science and phar 
macology while physicians and pharmacists study molecular and cellutar 
biology. During the 3-year research program, students will also take courses 
‘on ail the steps of drug development, including preclinical and clinical stud 
ies, regulatory affairs, and the marketing of medicines. 

To form the program, the science and medicine faculties of the University 
of Frankfurt partnered with the private Georg Speyer Haus research institute 
‘and the Paul Ehrlich Institute, the federal health authority agency for bio 
pharmaceuticals. They also count on pharmaceutical companies to provide 
_adgitional expertise, traineeships, and €00,000 a year 

This money will complement the annual budget of about €1 million FIRST 
‘gathered from the university andthe integration of two already funded pilot 
Ph.D. programs. Starting in 2008, the university plans to recruit 20 basics: 
entists and 10 medical doctors each year, provided the German government 
decides in October to give additional support to the program. 

“The opportunity for this career development is now,” says Graham Lord, 
<irector of translational research development at the National Institute for 
Health Research Biomedical Research Centre at King's College London and 
Guy's and St. Thomas’ hospitals. “I think the job opportunities that follow on 
that willbe very substantial.” “ELISABETH PAIN 
Eisabeth Pain sa contributing itor for ScienceCareers.0¢. 
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Get daily and weekly E-alerts on the latest breaking news and research! 
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FACULTY OPENING 
‘Stanford University 
Department of Chemical Engineering 

“The Department of Chemical Enginocang at Stanford 
Universiy is secking applicants for tenure-track fa 
ully positions at the junior kel (ASSISTANT oF 
UNTENURED ASSOCIATE PROFESSOR). Ap- 
pcants are expected to have cared a Ph.D. degree 
tn chemical engineering or related disciplines. 

‘We will consker applicants knowledgeable in the 
‘general area of chembsal engineering seicnee. While 
31 ares: encompassed by chemical engineering. are 
Acceptable, there are several broad areas of partic 
lar interest, inching surface reactivity and etal 
J, fel ell, cmirenmontal or atmompbc sue, 
molecular transport proxcwcs and mechanics, soft 
materals plysice and chemsty, computation and 
‘mulation, Bochemical and biomolecular engineer 
ing, nanomatenals processing, and the energy sh 
ences, In. gencral, we give higher priority to the 
‘overall originality and Promise of the candilate's 
Soak than the ia of pein 

The sucocsful candidate wil e expected to teach 
atthe graduate and undergraduate level, to develop 
{anced graduate courses in a research specialty, 
4s well as to devclop 2 werkbclasr escarch peo 
sth an crphans onthe fundamental physical ch 
ic, and enguncenng aypects of chemical engineering 
‘cicnce. Applicants should be sccking stimulating 
intenticipfinary ensivoament in which to purse 
teaching and research. We anticipate thatthe fculy 
members wil contnbute to and develop kadership 
foles and interactions among faculty not oly in 
Cherian but alo Electial, Mechan 

imental and: Mater Science 
and Engincering in the School of Engincenng: in 
Physics, Chemisty, and Biolog’ in the School of 
Humanities and Sdences; ia the departments and 
‘programs inthe School of Mediine, as well a Bio 
Engincering located in the School of Engineering 
Sint Medicine, an atthe Stanford Synchrotron Rar 
‘lation Laboratory. 

‘Applicants should sad curriculum vitae (inchad 
ing rescarh sevomplishments, teaching experience, 
and publications) a transcript of doctoral graduate 
Study, a detailed research and teaching plan, and 
supporting letters from at east dhrce references 
Profesor Curtis W. Frank, Chait, Search Commit 
tee, of Chemical En 
Univenity, Stanford, CA 94305-5025. 
are duc by December 1, 2007, but we will 
to accept appliations util the postions ate Billed. 

‘Std Cent am Equal Opp, Amati 
Atos Employer 


CARNEGIE MELLON UNIVERSITY. The 
Department of Chemistry invites applications for 
a TENURE-TRACK POSITION at the junior 
level in the area of biophysics biophysical chemis 
try. The successful applicant will benefit from the 
Department's highly collaborative atmosphere, in 
tendnciplinary approach, and its strenges in core 
areas of esperimental and theoretical biophysics, The 

folecular Biosensoe and Imaging Center, the NUH. 
ional Technology Center for Networks and Path: 
wass, and the Pittsburgh Nuckar Magnetic Reso- 
nance Center for Biomedical Research also provide 
attracive opportunites for coloration, Candadates 
are expected (© buikd a vigorous externally funded 
research program and exhibst a very strong commit 
ment to teaching at both the undergraduate and 
‘graduate levels. Applications should contain (1) cur 
culm vitae, (2) a bt of publications, (3) a description, 
‘of research plans, and (4) three letters of recommen: 
dation and be scnt to Professor Linda Petean 3¢ 
‘email: biophysics-search@andrew.cmu.edu. Hard 
Sapte of tir nkcomation can as be acd to 
Dr. Linda Peteanu, Department of Chemistry, 
‘Carnegie Mellon University, 4400 Fifth Avenue, 
Pitesburgh, PA 15213. Revicw of applications will 
begin on October 1, 2007. CMU & sx Eas! Oppor- 
Ianity/ABirmative Action Employer commited 4 bung 
Udwene fay, women and manors ae strongly ono 
to apply for this postion. 
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SITIONS C 


‘The Bioinformatics Rescarch Center at 
University of North Carolina, Charlotte 
invites applications for 3, DIRECTOR. of 
BIOINFORMATICS SERVICES. The in- 
dividual accepting this position will supervise 
Sst of biomnformatis rescarch specialise 
‘ro will work in oe collaboration with 
nts from academia and industry Succes 
Spplcants must hold a Ph.D. in biinformat- 
St biology, compurer science ora relate Bed 
spericnce with managing medium to large 
sci bioinformatics or otcchnology profes 
Fprcterrd. For more information and appl 


“open The Univer 
(Carling at Charo $a Equal Opgortuty AB 
mative Aion Eimer, 


ASSISTANT/ASSOCIATE PROFESSOR 
Prion Biology 
Colorado State University 

The Department of Microbiology, Immunol 
ay, and Pathology at Colorado State University is 
‘Scking a scintioat the Auitant in 
Keser level (tenure ack) with re 
the atogenens annul om 
eplalopathis (pion dass) or yo 
Sdicace Candidates with eapene in metho 18 
invenigathe. pathology, prion ‘biology, molecir 
tology, and/or animal mcs of prac disease ae 
encnaged to apy. The succes applic wil 
ie expected to develop an extramial Tuned re 
sah program and partite in Deprtncetal teach 
ing acini. Appians must have 8 DYVAL, MD, 
‘iar Ph, un es): 


terest and qualifications fe 
tim sitac, ant arrange to have thfce letters of rel 
Prion Biologist Search Committee 
</o Me. Ryan Abbott 
(E-mailryanabbort@colostate.edu) 
Department of Microbiology, Immunology, and 
Patholo 


Colorado State University 
College of Veterinary Medicine and Biomedical 
Scenecs 

1619 Campus Deliv 
Fort Collins, CO 80823-1619 U.S.A. 
ications wil be accep unl the poston i 
sil Howererloton of opplsions al gin 
Noventer 15,3007, 
‘CSU tan Liga Oppony/ Amat Ain Epi 


ASSISTANT PROFESSOR of PHYSIOLOGY 

The Department of Physiology of the School of 
Medicine of the University of Puerto Rico invites a 
plications from scientists Yor a tenure-track posit 
At the rank of Awistant Professor. Exceptional can: 
didates may be considered for more senior posi: 
tions. Candidates must have a PhD. and/or MLD. 
with appropriate postdoctoral fellowship training, a 
Strong record of research accomplishments, and the 
ability to establish and maintain an independent re- 
Search program that complements existing strengths 
within the Department. The ‘deal candidate should 
have an eatertally funded research program in the 
areas of cardiovascular, renal, or endocrine physiol 
‘ogy. He/she will al participate in medical, dental, 
land graduate training, The closing date for applica” 
tions is October 31, 2007. Applicants should send 
‘curriculum vitae, a description of past research and 
furure plans, and the names of three potential ref: 
‘erences to: Dr. N. Eseobales, Ph.D-, Chair, Physiol- 
‘ogy Search Committee, Department of Physiology, 
University of Puerto’ Rico-School of Medicine, 
P.O. Box 365067, San Juan, Puerto Rico 00936- 
5067 (e-mail: nescobales@rem.upr.edu. The Univ 
sity of Pers Rio stein ad is gd 
Opperventy/ Afimnstne Aco Engler 
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HUMAN GENETICIST 
Tenure-Track/Tenure Position 


‘The nowly formed intramural Laboratory of Translational Genomics (LTG) in the Division of Cancer Epidemiology and Genetics (DCEG), National Cancer 
Institute (NCI), National Institutes of Health (NIH), Department of Health and Human Services (DHHS), is recruiting two tenure-track/tenured investigators 

The mission of the LTG is to investigate the genetic bass of strong association signals identified by candidate gene approaches, linkage analyses in high-risk 
families, or genome-wide assoviation studies (GWAS), particularly loci identifi by the ongoing Cancer Genetic Markers of Susceptibility (CGEMS) program 
involving GWAS of several major cancers. Investigator in the LTG are expected to develop an independent research portfolio in cancer genomics focused on (1) 
fine mapping and re-sequencing of loci relevant to cancer susceptibility and/or outcomes, (2) investigation into the causal gene variants that provide biological 
plausibility for each locus, and (3) bioinformatic analyses of publicly wvailable datasets derived from germline annotation of genetic variation and somatic alters- 
tions in cancers. Each investigator is eypected to leverage the NCI resources in molecular epidemiology, high-throughput genotyping und whole genome scans, 
biostatistics and bioinformatics, as wel as in basic and clinical Sciences. The incumbent will receive research Suppor for developing a state-of-the-art genomes 
laboratory, and recruiting two post-doctoral fellows/bioinformaticians and a technician. 

Applicants must have an M.D, and/or Ph.D, in relevant field, extensive post-doctoral experience, and a recond of publications demonstrating potential for 
creative independent rescarch in human Cancer genetics. Facility with bioinformatics databases and high dimensional data are highly desirable along with strong 
‘communication skills. Interested individuals should send a cover letter, curiculum vitae anda brie summary of research aecomplishments and goals, along with 
copies of three to five publications or preprints, and three letters of reference Wo 

Ms, Judy Schwadron, Division of Cancer Epidemiology and Genetics, National Cancer Institute, 6120 Executive Blvd, EPS/8073, Bethesda, MD. 
20892, 

Recommendations can be included with the package or sent directly by the recommender to Ms. Schwadron. Candidates should submit applications by October 
15, 2007; at this time, the committee will begin to look at suitable candidates. However, the search will continue intl qualified scientists are found. Additional 
information about staff and ongoing rescarch in the NCI Division of Cancer Epidemiology and Genctics is available at httpi/iwwwalceg.cancergov. Please 
‘contact Dr Stephen Chanock (phone 301-435-7589 at chanocks(@ mailnih.gov) or Dr. Peggy Tucker (phone 301-496-8031 at uckerp(a mail.nih.gov) for 
‘questions about the position(s). 


Department of Health and Human Services 
head National Institutes of Health 
pssiiieiig National Cancer Institute 
Postdoctoral Positions in Immune Defense and Transcriptional Regulation 


The Laboratory of Cellular unk! Molecular Biology in the intramural research progiim of the National Cancer Institute has several postdoctoral positions 
available for individuals who have obtained a Ph.D. and/or M.D. degree within the past 2 yeats,..These individuals will join a research group that investigates 
1) the regulation of RANTES expression im T lymphocytes and 2) the role of granulysin in immune defense. A strong background in molecular and/or cellular 
immunology is preferred. Excellent writen and oral communication skis are essential. 


Relevant publications describing recent work from the group include: 


+ Dynamic interplay of transcriptional machinery and chromatin regulates “late” expression of the chemokine RANTES in T lymphocytes 
Mot Cell Biol. 27(1):283-66 (2007) 
PMID: 17074812 


+ Granulysin-mediated tumor rejection in transgenic mice 
J fmmunol.178(1}:77-84 (2007) 
PMID: 17182542 


Applicants should submit their curriculum vitae, a brief description of research interests and experience, and contact information for three references to: 


Carol Clayberger, Ph.D., Laboratory of Cellular and Molecular Biology, National Cancer Institute, National Institutes of Health, 37 Convent Drive, 
Room 4016, MSC 4256, Bethesda, MD 20892, E-mail: Clavbergere@ mail.nih.gov. 


Applications will be considered as they are received, but i is prefered that they be submitted by October 1, 2007, 


THE NIH IS DEDICATED TO BUILDING A DIVERSE COMMUNITY IN ITS TRAINING AND EMPLOYMENT PROGRAMS 


Tenure-Track Investigator Position in the Laboratory of Immunology 


‘The Laboratory of immunology (LI), Division of Intramural Research, National Insite of Allergy and Infectious Diseases, National Institutes of Health invites applications for a 
tenure-track investigator postin in immunology. Applicants should havea Ph.D., MD, or equivalent degree an outstanding record of postdoctoral accomplishment, and an interest 
inany area of biomedical research related to immunology. 


Specially, we seek a highly creative individual who will establish an independent, orward-Loking, world class esearch program tat takes full advantage of the special opportu- 
nity afforded by the stable, long temn funding ofthe Intramural Research Program at NIH. She/he shouldbe interested in developing and applying novel approaches to the study of 
‘problems of major biological and for medical importance, which cou include a major clmical research effe. There are ample opportunities to participa in trans-NIH initiatives 
involving technology development, translational investigation, and muliiseiptinary scence. 


Generous ongoing support for salary, technical personnel, postdoctoral fellows, equipment, and fsearch supplies willbe provided. Available cores or collaborative facilities include 
flow cytometry, advanced optical imaging, microarray generation and analysis, computational bjology, production of wansgenic and gene- manipulated mice, chemical genomics 
and support for projects involving RNAi screening. In addition to an cutstanding intemational postdoctoral community, a superior pool of graduate and undergraduate students is 
available tothe suecessful applicant 


NIAID's Laboratory of Immunology has a distinguished histery of accomplishment i immunology. We strongly encourage oustanding carly career investigators who can continue 
and enhance this record of achievement to apply. Cument LI principal investigators are Ronald Germain, Michael Lenardo, Rose Mae, David Margulis, William Paul, Ethan 
Shovach and Tsan Xiao. 


Application Process: To apply, e-mail your CY, bibliography, and an outline of a proposed research program (no more than two pages) io Ms, Wanda Jackson at jacksonwa( 
nia. nih gov or mail Ms. Wanda Jackson, 10 Center Drive MSC 1356, Building 10, Rm. 4A-26, Bethesda, Maryland 20892-1356, E-mails preferred 


Reference Letters: Three letters of recommendation must be seat directly trom the referees yo Mi: Wanda Jackson via e-mail or US. mail Please refer to Ad #016 on all com- 
‘munications. Further information about this postion may be obtained by contacting Dr. Wiliam Paul (301 496-5046; wpaulaniaid.nih.gov) Applications must be recive by 
‘October 19, 2007 


‘A full package of benefits including retirement, health, li and long tem care insurance, 401-k plan) ifavailble, Women and minorities are especially encouraged to apply US. 
citizenship is no require, 


Division of Cancer Biology 
Health Scientist Administrator/ ChemistMicrobiologisBiologist 


With nation-wide responsibilty for improving the health and well being ofall Americans, the Department of Health and Human Services (DHHS) oversees the biomeaical research 
programs of the Nationa Insite of Health (NIH) and those of NIH's research Institutes. 


‘The National Cancer Institue (NCI) atthe NIH insti tvo inte nisciplnary scientists atthe GS-13 or GS-14 level, one inthe Caer Call Biology Branch (CCBB) and one inthe 
‘Tumor Biology and Metastasis Branch (TBMB) ofthe Division of Cancer Biology. The scientists wil serve as Program Directors and o¥ersce an ative resarch grant portfolio and 
‘manage a eenifeproram in cancer biology. Candidates should have significant search experience in an ar of cancer biology and be flor with aplications of new molecular 
technology. Such esearch experience may fous ona spi tumor type o include more generic in vitro systems. AR MLD. oF a doctoral level degre ina biomedical rated fel 
and evidence of eypercnce in the administration ofa science program ar highly desirable. The Program Diet wl perform the fll range of administrative and scenic dates 
required ina lage research grass program, as directed by the Branch Chief. The position are heated in Rockville Maryland. 


‘The CBB supports basic research projects covering a broad spectrum of topics diected at understanding the biological bats of cancer, including studies on the genes, proteins and 
networks responsible forthe cancer phenotype; investigation of sberantly mie regulatory processes that promote cancer, and the identification of connecting pathwaysthat ensure 
tumor ell survival. An emerging interest which wll bea focks ofthis curent postin isthe role of nutrient stress and celular metabolism in cancer cell survival and tumor growth. 
‘The ultimate goal ofthe Cancer Cell Biology Branch program is the discovery of new information that has practical application to disease detection, prevention, or treatment 


‘The TEMB supports research covering diversified urea of tumor progression and metastasis including the interactions of cancer cells with the tumor andor hos microenvironment, 
role of stem cell in tumor biology, tumor dormancy, angiogenesis and lymphangiogenesis, cell migation, invasion, tumor progression. and metastasis. This inchudes examination 
‘of cell-cell and cell-matrix interactions, the roles of growth factors and cytokines, aesion molecules, cytoskeleion and the nuclear mati, and matrix-degrading enzymes, inflam 
‘mation, glycoprotein. steoid bormones and tei recptors 38 well as studies on the pathology and biology of solid tumors and wmor bearing animals. Research supported by the 
Branch alo includes novel 3-limensional or organotypic models and in vivo models lo address research focusing on tumor progression and metastasis. full Cvil Service package 
‘of benefits (including health and life insurance options, retirement, paid holidays, vacation and sick leave) is available. 


‘The NCI vacaney announcement forthe CCBB poston will be available on August 17,2007 and posted under announcement # NCI-47-208137-DE. The vacancy announcement 
forthe TBMB position will be avalable on August 17,2007 ani posted unicr amouncemeat # NCLOT-208132-DE. Bash postions close on September 21,2007. The vacancy 
announcement fo these positions contain compet application procedures, is all mandatory information which you must submit with your application and may be obtained fom the 
hups:/wwnusajobs.opm.gov. Questions canbe directed to Eugene McDougal on (31) 435-5722. Please se vacancy announcement fo application submission requirements 


Head, Department of 
Cellular Biology and Anatomy 
Louisiana State University Health Sciences Center 
in Shreveport 


Adolor Corporation is a biopharma- 
mpany located in suburban 
Philadelphia specializing in the dis- 


ceutical c 


covery. development and commer 
alization of novel prescription pain 
management products. Adolor has 
more than 120 employees working in 
areas including discovery research, 
drug development, clinical research, 
‘manufacturing, business development 
and marketing. 


The Schoo! of Medicine at LSU Health Sciences Center in Shreveport is secking applicants for Head 
of the Department of Cellular Biology and Anatomy from world-class researchers in cardiovascular 
sciences with an interest in developing a nationally competitive program Investigators having rescarch 
interests in the area of cardiovascular complications of metaboke syndrome and diabetes are particularly 
encouraged to apply. 

The salary for this tenured position is fully supported by state funds, with additional compensation 
possible through an institutional research incentive compensation plan. The postion also comes with a 
$2 million Endowed Chair from the Malcolm Feist Cardiovascular endowment. The new Department 
Mead will receive a generous seed package to support his/her research program and state-of-the ant 
laboratory space. A multi-year strategy and supporting financial resources are in place to substantially Visit our website www.adolor:com or 
enhance the national stature of research and training programs in the Department. This includes the g0 lo seiencecareers.org 
state-funded salary lines, research space, and sced package support to recruit 6 faculty members. In descriptions in dotail 
audition, $1 million wil be provided to expand the research infrastructure ofthe Department to comple 

‘ment the new emphasis on cardiovascular sciences. 


successful candidates should have a graduate degree (Ph.D. andlor M.D.), current NIH funding. an 
outstanding record of achievement in cardiovascular research, and experience mentoring graduate 
students, postdoctoral fellows, and junior faculty. The responsibilities of the position include develop 
‘ment and leadership in departinental Ph.D. and postdoctoral taining programs rescarch activities, and 
‘multidisciplinary research endeavors as well as a commitment to maintain’strengthen the education 
obligations of the Departament 


» view job 


Postdoctoral Fellow 
Cell and Molecular Signaling 


Postdoctoral Fellow 
Cell and Molecular Signaling/ 
In-Vivo Pharmacology 


Science Careers 


The LSU Health Sciences Center-Shrevepont, established in 1969, is located in northwest Louisiana 
and is one of the fastest developing regions within the state. The Shreveport Bossier City area. with 
«8 population of ~325,000, has evolved into a major regional cultural and recreational centr, and isin 
short driving distance to larger mettoplexes such as the Dallas-Fort Worth and Houston arcas, 
Interested applicants and nominations should include a curriculum vitae and a letter of interest. Cor- 
respondence should be directed to: Nicholas Goeders, Ph.D. Professor and Head, Department 
of Pharmacology, Toxicology and Neuroscience, LSU Health Sciences Center, P.O. Box 33932, 
breveport, LA 71130. Applications will be accepted by mail or via e-mail (mgoede(@subse.edu) 


Research Investigator 
Cell and Molecular Signaling 


Research Scientist 
Cell and Molecular Signaling 


Research Scientist I! 


‘September 30, 2007, Pharmacology 
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Notice Number: FY- 1380 

‘losing Date: Open une ied 

POSTTION DESCRIPTION AND DUTIES 

Th iy oof Ne rk the fi pub nici of ihr nS. 

secks a dstngused scholar and edo tof the nets created Zain 

Hots an soca or hal Prdenr Calas rho lowed cha sh he 4 

reintulscholinhp. nated apart, at. and scan the pation 


The Unvortit Karsrue (TH) andthe Forachunpszontum Kare are 
City College Jping forces to form the Karlrube institute 


of NewYork 


the group leader, two clots and an annual Budget 
‘The Faculty of Physics and the Institute of Nanotechnology are seeking 


{ike dental the roa prc atthe wart possiie caren 
sen eweraarn area kre emcee 
Stent on Woah wih saiemse cama Teco bl Group Leader (E 15) 
Pl ly pli heir al er re of the Shared Research Group 
Deptt of Rocce, und the Soph Dis Sch ef Howe Edcaion Electronic Properties of Graphene’ 
eeepc Rona nia gp sl aon eto reer pete of 
‘vert can pdm nl ah pac Froperse &tnancetucues at he Unierty and he Forechungesertun, 
ih a WD, Pu. or J Deen on aplcntsqueicais wal prac 

nine wil bade a Socio al Peer ‘Young scientists wih oustanding he fd of mesoscopic and 
» De maa ace mS es nanoscale physics are invited to apply for the position of the group leader. 


‘The City Coleg of New York has trong tut comment tthe pcp 
Aer ht st wea path screed een appa oad 

rn finda, icang nec under eprom Po 
‘Rani seonmodinns panted ke ina wba 
Mlcanabts mune pode dcunkntann pee ergata sn expan 
wine 


‘The group wal be able to draw on resources in thography, nanofabricaton, 
characterization and low temperature measurements, Applicants should 
Submit a curriculum vitae including their academic career, a research plan 
‘and a ist of publications with up to three repens, 

‘The intial appointment phase is for 4 years with the possibilty of a renewal, 
‘and will be paid according to E 15 TV-L of the German civil service. 
‘To Apety remuneration system. The research group willbe based inthe institute of 
Sera leer of ineret, CV, sample publeatons, and the names and contac inoemation "Nanotechnology in the Forschungszentrum. Active participation in teaching 
‘thre professional relerenees Professor Neha Pappas. Dep of Philosophy, at the Universit is possible. 

NAC 5/144, The City College of New York, 160 Coment Avenve, New York. NY Fr further information lease contact Prof. Dr Hibertv. Lohneysen (H.vL@_ 
10031 or e-mail to: philsophy@ cemcumed, ‘piuka.de, Tel 0049-721/608-3450). 
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FACULTY POSITIONS AT 
YALE UNIVERSITY 


Department of Molecular 
Biophysics and Biochemistry 


The Department of Molecular Biophysics and 
Biochemistry seeks applications for a tenure 
track position atthe Assistant Professor level in 
the field of biochemistry, molecular biology, or 
‘molecular genetics. Our department uses tools 
ranging from structural biology to genetics 
to investigate current biological problems at 
the molecular and atomic levels. In addition 
to establishing an innovative and interactive 
research program, new faculty will engage in 
the teaching and training of undergraduates, 
graduate students and medical students, as the 
‘departments located inboth the Faculty of Arts 
tnd Sciences and the School of Medicine. More 
information on the department is available at 
ttp://www.mbb.yale.edu/, Applications 
should include a curriculum vitae, a state 
ment of research interests, no more than three 
selected reprints or preprints, and the names of 
three individuals who have been asked to send 
letters of reference to: 

Faculty Search Committee (Biochemistry) 

Department of Molecular Blophysies 
id Biochemistry 
Yale University 
P.O, Box 208114, 260 Whitney Ave. 
New Haven, CT 06820-8114 
‘Telephone: (203) 432-5593 


Application Deadline: October 15, 2007 


Department of Molecular, Cellular, 
‘and Developmental Biology 


The Department of Molecular, Cell 
Developmental Biology at Yale University 
Invites applications fora tenure-track faculty 
appointinent at the level of Assistant Profes- 
sor from individuals working in any area of 
molecular, cellular or developmental biology. 
The Department encourages applications from 
candidates using any experimental system (ani 
‘mals, microorganisms or plants) to investigate 
outstanding questions in contemporary biology 
at the cellular or molecular level. The success- 
ful candidate is expected to develop an active 
research wroup, interact with the department's 
faculty, and participate in interdisciptinary 
research and training activities. In addition, 
the successful candidate should demonstrate 
excellence in teaching at both the undergrad- 
ate and graduate levels 


1p: 
contains additional information on the Depart 
ment 


The search committee will start sereening 
applications on October 15, 2007. Applica- 
tions close December 1, 2007, Please submi 
a curriculum vite, a description of researc 
interests and the names of atleast three indi- 
viduals who have been asked to send letters of 
recommendation to; 

Faculty Search Committee 
Department of Molecular, Cellular and 
Developmental Biology 
‘Yale University 
P.O. Box 208103 


Yale University is an Affirmative Aetion/Equal 
Oppornunity Employer Women and members 
lof underrepresented minority groups are 
expecially encouraged to apply 


Institute for Cell and Molecular Biology 
Senior and Junior Faculty Positions 


As part of a New Life Science Initiative, Cornell University has established 
and endowed a new Institute for Cell and Molecular Biology (tor complete 
information, see www.icmb.cornell.edu). The Institute will consist of 12 
faculty as the core component in a S160M new research building, now 
nearing completion, designed by renowned architect Richard Meter. Dr. 
Scott Emr recently relocated to Cornell as the founding Director of the 
new Institute. The goal of the Institute is to build a vibrant center of 
scientific excellence in basic biology integrated with existing outstanding 
programs in chemistry and chemical biology, physics, computational 
biology and engineering. Institute faculty will have full academic 
appointments in basic science departments to which they will contribute 
teaching and service. 


Three faculty positions are available this year, one of which will be an 
Endowed Professorship (department open) and the others appointed at 
the Assistant or Associate Professor levels within the department of 
Molecular Biology & Genetics (www.mbg.cornell.edu). Priority will be 
given to candidates using model systems employing novel approaches to 
address fundamental questions in cell biology (including cell cycle control, 
signal transduction, regulation of the cytoskeleton, organelle biogenesis 
and function, regulation of membrane architecture, protein quality control, 
etc.). Individuals with expertise in X-ray crystallography, biochemical 
reconstitution, mass spectrometry, functional genomics, and live cell 
imaging are of special interest. However, outstanding candidates in any 
area of cell and molecular biology will be considered. 


Please submit (electronically) a curriculum vitae (highlighting 3-5 
publications with title and abstract), research plan (2-3 pages) and 
teaching interests. Please limit total file to 10MB. In addition, applicants 
must arrange for three letters of recommendation to be sent to the 
address below, concurrent with the other application materials. The 
committee will begin reviewing applications by September 20, 2007, with 
applications being accepted until the positions are filled. We encourage 
‘women and minonties to apply. 


Applications must be submitted electronically, as a single pal, to: 
Dr. Scott Emr, c/o Dianna Marsh at dmm20@cornell.edu 


‘You may also upload your application materials to the 
Institute website at: www.icmb.cornell.edu 


Located in Ithaca, N.¥., Cornell University is a bold, innovative, inclusive 
and dynamic teaching and research university. 


Cornell University is an Affirmative Action! 
Equal Opportunity Employer and Educator. 


U.S. Department of Energy 
Associate Director 
Office of Science for 
Biological and Environmental Research 
‘Announcement # SES-SC-HQ-014 (kd) 


The U.S. Department of Energy's (DOE's) Office of Science is seeking 
qualified candidates to lead its Biological and Environmental Research 
(BER) Program. With an annual budget of more than $500 million, the 
BER Program isthe nation’s leading program devoted to applications of 
biology to bio-energy production and use and to environmental remedia- 
tion. The BER Program supports major research programs in genomics, 
proteomics, systems biology, and environmental remediation. Th 
Program is also one of the nation's leading contributors to understanding 
the effects of greenhouse gas emissions, aerosols, and atmospheric 
particulates on global elimate chang. 


ironmental Research is responsible 
m planning in the BER Program; budget formuls 

tion and execution; management of the BER office including a federal 

workforce of more than 30 technical and administrative staff; program 

integration with other Ofie of Science atvitics and w 

technology offices; 

the ranks of the U.S, 

nibers ofthe SES serve in key positions just below the top Presi 
tial appointees, For more peogram please go to http: 
Jinwww.se.doe.gov/ober! 


For further information about this position and the instructions on how 
to apply and submit an application, please go to the followin 
hntip://jobsearch.usajobs.opm.gov/getjob.asp:JobID~S4S208068. 
VSDM=2007%2D06%2D06+13% 3A44%3A028 Logo~OSq™ 
SC-HQ-014+(kd)& Fed Emp=N&sortorv&ywed&brd-3876L 5-0 
‘&FedPub=Y&SUBMITL xe47&SUBMITLyI8. To be considered 
for tis position you must apply online. It is important that you follow 


located at the website above, 


FACULTY POSITIONS FOR 
PHYSICIAN-SCIENTISTS IN 


TRANSLATIONAL ONCOLOGY 


“The Human Oneal and Pathogenesis Program (HOPP) at M 


ial Seas 


HOP? 
a single 

sin 

research by 


rte tage 
runt dem 

prorat aswell va interest in 

insta heat labore it 
the new Zachermat Research Cenc and jn appante i the Deparment of 
Ia her appropane clical speci a AISRC. Fay wal aba belgie ol 
appeinamcs i the nowy etablnied Gers Skating Grade School of 
‘Beenedeal Sraces a8 well the Weill Medical Schoo ae Grade Schaal 
Medial Science at Corel 


it programs in 
soy, Pama Cea, Moder Bul, Cental Bal 
Ceneses Cel Bioegy, Dvelopmntal Bay, Cella Brocheni 
edgy ad hn bs with he Rocke floes 
cf wceldvenimned dna program in cancer research, amet, al pve tt 
ove cathe abet 
an athe 


ei inary 6 carat wal pepei vs 
mest teen ot oeermenanion teint: Cas 
Sige MD, Ca, Henan Onl sd Pathogens Progam, cba 
Sermano, Memorial Sous cureg Cancer Cenc, 1275" York fren, 


ncer Center 


Memorial Shan: ‘Kertering 
( @) Saeco gaa 


All Souls College 
Oxford 


Senior Research Fellowships 


All Souls College intends to elect three Senior Research 
Fellows with effect from Ist October 2008 (or an agreed 
later date): in Philosophy, in History, and in Theoretical 
Life Sciences (all subjects broadly conceived). The 
Fellowships are open to women and men, 


The College regards a Senior Research Fellowship as 
being of compa audemic standing to an Oxford 
University Professorship. and applicants are expected to 
have a correspondingly distinguished record of 
achievement in research, 


Further particulars, including details of emoluments and 
terms of appointment, application form, and copies of a 
memorandum for referees may be obtained from the 
‘Warden's Secretary, All Souls College, Oxford OX1 4AL: 
mary.yoe@all-souls.ox.ac.uk. See also the Coleg 
website: www.all-souls.ox.ac.uk. Applications. on the 
application form, should reach the Warden not later than 
‘Monday, 10th September 2007. 


UNIVERSITY OF 
MEDICAL CENTER 


The Center for Vaccine Biology and Immunology and the 
New York Influenza Center of Excellence are seckiny 


Five post-doctoral fellowship positions are available in the David H. 
Smith Center for Vaccine Biology and Immunology at the University 
‘of Rochester. Two of these are in the new, NIAID- funded, New York 
Influcaza Center of Excellence atthe University of Rochester Medical 
‘Center, with the major aim of investigating the host immune responsesto 
influenca. Other major areas of research include investigating the role of 
amphiregulin and T cell responses in human asthma and a mouse ashi 
smodel:T Il responses to influenza infection or vaccination; and 
dynamic integrin activation during cell migrations in lis Is using 
state-of the-art optic microscopy systems, 


URMC is 2 highly interactive environment with excellent collabora 
tions between hasic and clinical scientist, Outstanding facilites include 
rong flow cytometry analysis and soning capabilities, bioinformatics, 
Proteomics, mathematical modeling of immune responses, sophisticated 
image analysis of fluorescent images including Fluorospot assays, and 
the support of the Human Immunology Center, State-of-the-art labora 
tory and animal facilities from biosafety level 2 to enhanced biosaf 
level 3 are available, The successful candidate will have the oppor 
to join 2 highly imeractive, collaborative community of researchers 
from the Departments of Microbiology and Immunology. Medicine, 
‘Computational Biology and Biostatistics, and other research centers 
and divisions. 


For additional information, please sce our ads at SeieneeCarcers.org 
under “URMC-Immunology 


The University of Rochester is an Equal Opportunity Employer: 


Department of Health and Human Services 
g National Institutes of Health @ 
National Human Genome as 

Research Institute 


CHIEF OF STAFF, 
IMMEDIATE OFFICE OF THE DIRECTOR 


‘The National Human Genome Research Institute (NHGRD, a major 
research component of the National Institutes of Health (NIH) and the 
Department of Health and Human Services (DHHS), has led the ground- 
‘breaking enterprise known as the Human Genome Project, and is now 
vigorously exploring the application of advances in gencme research to 
hhuman health. The NHGRI is inviting applications forthe career Federal 
Position of Chief of Staf in the immediate Office ofthe Director, NHGRI 
‘The incumbent will serve as a senior advisor and the Chief of Staff, 
‘managing and directing the scientific and administrative activities and 
priority setting forall tasks occurring within the immediate Office of the 
Director. The Chief of Staff will have advanced scientific waining and 
maintain an active knowledge of advances in the fields of genetics and 
‘genomics and the application of such research to health and disease 
Responsibilities will encompass substantive program and policy mat- 
ters covering the full range of NHGRI interests and program activities 
and directing the efficient planning and coordination of operations and staff 
Within the immediate Office of the Director. The NHGRI vacancy 
announcement for this postion contains complete application procedures 
and lists all mandatory information which must be subwnitted with your 
application. To obtain the vacancy announcement for this position it 
will be available on http://www.usajobsgov and posted under 
announcement # NHGRI-07-203295-CR-DE or NHGRI-07-10329S- 
CRMP you may also visit the NIH website at: www.jobs.nih.gov. 
Applications must be received no later than August 24, 2007. 

This is. fulltime permanent postion offering benefits including health and 
life insurance, retirement, sick and annual leave. U.S, citizenship is 
required. 


DHHS and NIH are Equal Opportunity Employers 


GEISINGER 


Director, Genomic Medicine Research 
Geisinger Health System, Danville, PA 


Geisinger Health Sy 
for the Director of Geno 


(GHS) is seeking except 
mic Medicne Research 


canddates 


e Director will have the ability to buld ger 
research, including a broad program of tra 
research, and health services research with an emphasis on research 
leading to improved clinical outcomes. The Director will develop a 
research group to leverage the very large clinical population of GHS 
and advanced Electronic Medical Record (EMR) by partner 
clinicians to understand the role of genetics and gene-erviranment 
interactons in common diseases. Candidates may be laboratory 
based, translational or popuation/health services researchers 


c medcire 
(tonal and clnvea 


The postion requires that the candidate have a PhD or MD oF 
equivalent degree, as well as demonstrated accomplishment in 
etic and/or genome research and leadership abilty 


The acquisition of new knowledge that will improve 
treatment. cure, and prevention of dsease & an ntegral part of 

1 Health System's mission. For mare inforrratir 
research at Geisinger please vist ww 


For more information, contact: 
Dennis Torretti, MD c/o Cynthia Bagwell, AVP, Professional Staffing 
Geisinger Health System, Danville, PA 17822-2428 


Toll Free: 800.845.7112 + E-mail: ckbagwell@geisingeredu 


UNIVERSITY OF CALIFORNIA 
SANTA CRUZ 


2007-2008 FACULTY RECRUITMENT 


UC Santa Cru tcuty make sieticant contoutons othe body of research that has 
‘2amad the Univers of Calferniathe ranking asthe foremest public higher education 
Insttaton i the word. the process, or faculty demonstrate that cuting-edge 
researc, excelent teaching an oustanding sence are mutualy supprive, We are 
current reutng inthe folowing oscipines forthe 2007-2008 academic yer 


ARTS 

‘+ Fil Digital Media - Media Clture- Assistant Profesor 
+ Fil & Digit Media - Production - Asstant Professor 

+ History of Art & Visual Caltare- Asia - Assistant Profesor 


ENGINEERING 
+ Technology & Information Management - Management of Technology/Knowledge 
Services: Endowed Profesor/Department Chit 


‘Vist he Bashin School of Engineering web sit regula for his and oer 
engnewsing opparuntis: https /www.soe.uesc.eduljobs/taculty/apply/ 


HUMANITIES 
+ Aman Sei United See Pll Cas: Asian Asse Fl lon 
[roe Ps Early North America/ Atlantic World » Assistant Professor 
Lmpatica- Espen Linguini: Ait or Arscite foset 
Linguine -Somaccr Pragmatics Awitot Avex Plea 
Lert Maden German Litera & Care Assistant Pfs 


PHYSICAL & BIOLOGICAL SCIENCES 

+ Chemistry & Biochemisty - Onanomeallic Chemisty - Assistant Profesor 

+ Chemistry & Biochemisey - Stuctral Biochemistry /Biophysic/Bioaalytial 
(Chemistry Assistant Professor 

+ Earth and Planetary Sciaces:LthosphercProcesses/Suface Proceses Asistant 
Proksae 

+ Environmental Toricoogy - Microbe How/Envitonment Interactions - Asstt 

Profesor 

Mathematica - Low Dimensional Topology’ Algebraic Geometry Assistant Profesor 

Melecait,Cll and Developmental Bing» Vertchrate Cell Biology Assan res 

+ Molecala, Cell nd Developmental Biology -RNA Biology/Stactrl Biology 
Assistant Prefer 

(Ocean Sciences Ocean Climate Dynamic Physical Oceanography Asian Profesor 

+ Physics - Condensed Mate - Asstt Profesor 


SOCIAL SCIENCES 

* Anthropology - Mant Culures- Assistant Profesor 

+ Anthropology - Anthropology of Emerging Welds Asstant or Associate Profesor 

+ Economics» Macroeconomics Assistant Professor 

+ Economics International Economics Aistant o Asaciate Profesor 

+ Edcation - Edcational Policy k Reform: School/Community Nexus 
Assistant Profesor 

+ Latin American & Latino Stdies- Comprative Migration & Socal Ineguaity in 
the Americas - Assistant or Associate Prekosor 

+ Latin American & Latino Stdies- Sustainable Community Developeent in the 
Americas Assist or Asaciate Professor 

+ Paschology - Cognitive Nearoreace: Assistant Mofsor 

+ Bsyhology- Policy Development, Implementation & Eralaation-Asistant Professor 

+ Paychoogy-lotereneraional Pats of Emotion & Commnnicaioa- Assan Profesor 


For the mast aurent st of pening, pastion desrpions and apacation 
‘ntoaton, please vst the UCSC Academic Employment web st: 


http://ahr.ucsc.edu/academic_employment/ 


Tho University of Calor, Santa Que is an Affmatve ActorfEqual Employmant 
Onportunty Employ commited to exotonce trough casi Wo sve to estabish 
2 cimate Pat wecomes,caletates, and promotes respect forthe contro of al 
‘Students and employees. 
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Chairperson of Biomedical Engineering 


Florida International University is secking a dynamic and innovative 

leader to serve as chairperson of the Department of Biomedical Engi- 
ny neering (BME), The department is endowed with $11 million from the 

Wallace H. Coulter Foundstion, the Ware Foundation and the State of 
Florida. Applicants must have a PhD. degree in Biomedical Engineering ora closely related field and must 
possess credentials that mect the qualifications for appointment a the rank of Full Professor, based on a 
substantial rovord of scholarly work, excell record of extramuirally Funded research, professional service, 
andthe demonstrate ability to provide sigaiicant Icadeship and vision toa growing academic departncat 
Candidates with the ability to forge interdisciplinary collaborations will be favored. Successful candidates 
are expected to develop a high-quality funded research program and must be committed to excellence in 
teaching at both the graduate and the undergraduate levels, Candidates with exceptional credentials of 
scholarly work and research funding may be considered for the Wallace H. Coulter Eminent Scholars 
Chair of Biomedical Engineering. 


®FT 


Foun beransarcra UNIVE 


FIU hasa student body of over 38,000 ands located in Miami, Florida, adverse and dynamic metropalitan 
area with a strong biomedical industry. FIU offers over 190 baccalaureate, masters and doctoral degree 
programs in 19 colleges and schools. Its ranked as a Research University in the High Research Activity 
"calegory of the Carnegie Foundation’s classification system. FIU is one of ealy two institutions inthe state 


of Florida that offers BS, MS and PhD dezrees in BME. Its undergraduate program is ABET accredited 
[BME is a dynamic and expanding department with active itendiscplinary research programs in tise 
‘engineering and drug delivery systems biology, boinstrumentation and biosignal processing. imaging. 
neuroengiacring. and bionanotechnology and enjoys strong support of the University administration. BME 
faculty is funded by NIH, DOD, AHA. NSE, FL DOH and industry. The BME has over 30 clinical and 
industry partners in South Florida, and is taking a leadership role in the development ofthe new College 
‘of Medicine at FIU, There are numerous rescarch centers and institutes available for collaboration both 
in the College of Engincering and Computing (wwwaeng.fiu.edu) and in the university (www.simedu), 
‘Additional information about the department can be found at www.bme-fin.edu. 


Please send nominations or applications via e-mail to: BME Chair Search and Screen Commie, 
Iomcintoa tus, © apply valine at https/ww.Sujobs.oryapplkcantvyp/shared frameset Frame 
set jypPtime=1181244925142. Applications willbe evaluated asthey are received and review will continue 
Unt the poston i filed. Application materials should elude curriculum vita, teaching. escarch and 
‘uminsirative experience, a Vision statement, and ist of atleast five references. Inquires, applications, 
nd nominations willbe kept in confidence. For more informaticn, contact th email adress above call 
30548-1352 oF 108.348.3947, 


Women and minorities are strongly encouraged to apply: FIU i a member ofthe State University System 
of Florida and an Equal Access Equal Opportunity Emplover and Insteution 


Kumamoto Uni 


Open Recruitment of Young Researchers (1* Stage) 


1, Open Recruitment of Researchers (1 stage) 
Special project researchers (all given the title of “specially appointed assistant 
professor") 


A maximum of 10 researchers 


2. Qualification Requirements 
(1) Academie degree, etc.: Young researchers who have obtained a PAD degree 
‘within approximately the past 10 years (as of April 1. 2008) 

(2) Achievementsability: Has outstanding research capabilities and/or 


achievements in one of the specialty areas outlined in number 3 
3. Arrival 

‘As soon as possible between October 2007 and February 2008 
4. Period of Employment 


‘Those hired in stage 1 will be employed through March 2012. 
(Contracts will befor one year each and will be renewed once a year through Man 
31, 2012) 
Employment contract is based on Article 14 ofthe Labour Standards Lav 
(Note: Afler having gone through carver advancement evaluations and after the end 
of one's term of employment, itis possible for one to be promoted 10 the position 
“Associate Professor” in the Leading Graduate School System. A total of 

ely 8 people from stages | and 2 will be chosen for these positions.) 
Application Deadline 
Appl 
Inquiries 
‘Any inquiries should be made by e-mail to the Research Cooperation Section (person 
in charge of research strategy) of Kumamoto University at the e-mail address 
‘writen below 
k:senryaku @jimu,kumamoto-w.ac.ip. 
http:/sendou, kuma-u.ip/ 
Pease be sure to allow enough time before the application deadline fora response 


‘h the universit 


by no later than September 7, 2007 (Friday). 


to be made to you. 


Your 

career 
is our 
cause. 


Get help 
from the 
experts. 


www. 
sciencecareers.org: 


© Job Postings 
© Job Alerts 


* Resume/CV 
Database 


* Career Advice 
* Career Forum 


* Graduate 
Programs 


© Meetings and 
Announcements 


Science Careers 
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UNIVERSITY OF 


CALGARY 


The Department of Critial Care M 
Professor level or higher While duties leclue 


to the dsciptie of Critical Care, at the Assistant 
duate levels, 75% of time wil be protected for research 


The Department of Critical Care M 
the Calvin, Phoebe 


The Department is fortunate in haviog 
The current holder of te Chair is developing a fos on translational biology and wil be a great 


0 the successful candidate 


Calgary is a vibrant, multicultural ety (poputaton 


{Qualifications inchide an MD, PhO or equhiaent, formal research 
Alberta. The selected candidate wil be 


Dr. Paul Boiteau 
Head, Depart 


of Critical Care Medicine 
Foothills Medical Center 
Room EG 230 
29 Street H.W, 
Alberta T2M 279 Canada 


You Can 
Get There From Hers 


20 RESEARCH FELLOWSHIPS 2008-9 


International Visiting Re: 


arch Fellowships 


ils email re 
susyd.edu.au/1 


I—- RESEARCH FELLOWSHIPS 


www.usy research/fellowshii YOU CAN GET THERE 


a e UNIVERSITY 
MES” OF TRENTO - taty 
Cit - Center Wire Scees 
Laboratory Head: Near Infrared Spectroscopy Research 
Greap 
‘The Center for Mind/Brain Sciences in Trento, Italy invites 
pptcations (rom highly qual ied Tadividals ecroted ta ading 
ths development of Row Fotired Spoctroccopy reseech grows 
Responsibilities inclode 


* Development and implementation of novel acquisition methods 
ysis tools for cognitive neuroscience, in areas 


and 
2) newrofunctional bases of 
disorders, 


ological and neuropsychiatric 


id researchers who will assure the full 
for research use, 


© Manage a group of staff 
Fanetionality of the syst 
© Maintain active collaborations with the research groups utilizing 
4T MRI, EEG, MEG and TMS for development and application 


ygnitive function 


patterns itive dysfunction in various 


ncurologie 


and neuropsy 


should submit their curriculum vitae, a letter of research 
ies and addresses of three ref 


Applica 
Interests and 
Director, Center for Mind/Brain Sciences, University of 
‘Trento, Vin Turtarotti, 7, 38068 Rovereto (TN), Italy, email: 
direttorecimec @unitn.it 


CENTRE, SCHOOL OF OF QUEENSLAND 
INTEGRATIVE BIOLOGY AUSTRALIA 


Postdoctoral Fellowships in 
Quantitative Conservation Biology 

(up to 2 positions) 

The role: Up to two postdoctoral positions are available to 
undertake research in quantitative conservation biology with 
Professor Hugh Possingham in the folowing areas - Optimal 
Festoraion and Revegetation; Systematic Conservation Planning; 
‘A Theory of Monitoring. 

The person: PhD in a relevant discipline and publication(s) 
in international scientific journals; applicants with a strong 
‘mathematical and/or computational background are particularly 
‘encouraged to apply, even in the absence of ecological 
knowedge. 

Remuneration: AUD$68,600 ~ $73,638 p.a., which includes 
‘employer superannuation contributions of 17%. Full-time, 
‘continuing appointment 

‘Contact: Obtain the postion description and selection citeriaontine 
at www jobsatUUO.net. Contact Professor Hugh Possingham, email 
hupossingham@uq.edu.au, to discuss the roe. 

Applications close: 5 October 2007. 

Roterence No: 3016995 


INTHE ECOLOGY & THE UNIVERSITY 


How to apply: 
& Visit wwnwjobsatUQ.net to obtain a copy of the position 
description and selection criteria, 


“September 14—Faculty Positions 
_ September 21— International Careers Re 


‘C2007 uptermages Corporation 


Also available online at www.sciencecareers.org/businessfeatures 


THE UNIVERSITY OF THE WEST INDIES 


CAVE HILL CAMPUS, BARBADOS. 


ited from 


cations are i 


ably qi 


App d persons for the follow 


LECTURER/ASSISTANT LECTURER IN ATMOSPHERIC SCIENCE 


The successfull appli first degree 
pplicant will teach the introductory ERSC1002 C 
building on this, in the Earth Sciences programme. Prefe 
1 the Caribe 

Hiliated Caribbe 
all i expected. 
LECTURER/ASSISTANT LECTURER IN GEOLOGY 
should have both a first degree and a PAD in Geology (or a closely related subject), 
any area of Geology is acceptable but competence to teach geomorphology or env 
The appointee will teach 3 ry Geology course ERSC1O01 Dyn 

th 

‘The appointees for these posts should possess university, or other tertiary level, teaching and research experience, and evidence of 
publication. They will be expected to develop an active research programme of relevance to the region and will be expected to 
supervise graduate students registered for MPhil and PhD degrees. There will also be the opportunity to develop advanced level 


posts 


PhD in Atmospheric Science (or a related subject). 


The successfil a 


as and Climate course and develop and teach two advanced course 
will be given to applicants whose area of specialization is of particul: 
physical oceanography. The Faculty already has Meteorology, taught by 
weorology and Hydrology and collaboration in teaching a he 


could 
nd teach two 


or postgraduate courses in areas of special expertise. 


The successful applicants will be expected to assume duties as soon as po 


Fax (41 246) 417-0990; Email: humanresources(t cavehi 
advised to request their referees to send references under CONFIDENTIAL cover DIRECTLY to the Campus 


‘waiting to be contacted by the Universit 
website at www.cavehill.uwicedu. 


full partic 


nsand experience, biodata and the names and addresses of three 
we Campus Registrar, University of the West Indies, P O Box 4, Bridgetown, Barbados. 
.uwi-edu. In order to expedite the appointment procedure, applicants are 

istrar without 

Further particulars including remuneration package for this post are available from our 


‘The closing date for applications is 15 September 2007. 


CELL BIOLOGY 
Vassar College 


The Department of Biology at Vassar College 
invites applications for a tenure-track faculty 
Position atthe level of assistant professor begin- 
ning Fall 2008, We seck a broadly trained cell 
biologist whose research and teaching interests 
‘may include but are not limited tothe follow ing: 
‘eukaryotic cell structure, cell signalling, cell, 
tracking, genetic and epigenetic processes, 
‘and protein interaction networks. The success. 
ful candidate will be expected to develop an 
upper-level course in his/her specialty as well 
‘as teach at the introductory and intermediate 
levels, including genetics, cell biology, or 
‘another intermediate course. Development of 
4 productive research program with student 


ll be provided. A Ph.D. isrequired and 
postdoctoral experience is preferred, 


Consideration of applications will begin on, 
1 October 2007. Applicants should submit a 
‘curriculum vitae, wo representative reprints, a 
‘document that describes both research interests 
& goals and teaching interests & philosophy, 
and three leters of reference. To apply please 
Visit https://employment.vassar.edw. Ref- 
tqoei dinuld bead levee ties rely 
to cellbiology’avassar.edu. Website: http:// 
biology.vassarcedw 


Vassar College isan Equal Opportunity 
Affirmative Eetion Employer and is stromgly 
‘and actively committed to diversity 
‘within its community 


U.S. Department of Energy 
Office of Science 
Deputy for Programs 
Announcement #SES-SC-HQ-013 (kd) 


‘The US. Department of Energy's (DOE) Office of Science is secking highly qualified candidates 
with outstanding scientific achievements to fill the Deputy for Programs position. The Office of 
Science isthe single langest supporter of basic research in the physical sciences inthe United States, 
‘with a 2007 budget of $38 billion. t oversees the Nation's research programs in high-energy and 
‘nuclear physics basic and fusion energy sciences, and biological, environmental and computational 
sciences. The Office of Science is the Federal Government's lary 
supports uni 

eophiysics, genomics life sciences, and science education. The Of ence also manages 10 
‘World-class laboratories and oversees the construction and operation of some of the Nation's most 
advanced RAD user facilities, located st national laboratories and universities. These include particle 
and nuclear physics accelerators, synchrotron light sources, nanoscale science research centers, 
neutron scattering facilities. bio-cnergy research centers, supercomputers and high-speed computer 
‘networks. More information on the Office of Science can be found at http:/science.doe.gov 


“The Deputy for Programs provides scicatfic and management oversight ofthe six program offices 
by ensuring program activities are strategically conceived and executed; formulating and defend- 
ing the Office of Science budget request: establishing policies, plans, and procedures related to 
the management of the program offices: ensuring the research portfolio is integrated across the 
program offices with other DOE program offices and other Federal agencies; and representing the 
‘organization and make commitments forthe Department in discussions and meetings with high-level 
{government and private sector officials. The position is within the ranks ofthe US, government's 
Senior Executive Service (SES); members of the SES serve in key positions just below the top 
Presidential appointees 


To apply for this position, please see the announcement and application instructions at http:// 
jabscarch.usajobs.o under the vacancy announcement of #SES-SC-HQ-O13 (kd), 
‘Qualified candidates are asked to submit their online applications by August 29, 2007, 
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From primates 
to proteomics 


For careers in science, 
turn to Science 


~ 


Don't get lost in the career jungle. At 
Science Careers we know science. We are 
committed to helping you find the right 
job, and to delivering the useful advice 


Features include: 


you need. Our knowledge is firmly founded * Thousands of job postings 
on the expertise of Science, the premier * Career advice 

scientific journal, and the long experience * Grant information 

of AAAS in advancing science around © Resume/CV Database 
the world. Science Careers is the natural © Career Forum 

selection. 


yww.ScienceCareers.org Science Careers 


From the journal Science AAAS 


Keck 


UCDAVIS 


SCHOOL OF MEDICINE TEC 


Zilkha Neurogenetic Institute 
Keck School of Medicine 
University of Southern California 


Cellular/Molecular/Systems Neurobiologist 


The Zilkha Neurogenctic Institute (ZNI) is reciting a candidate to fill & 
fenurestrack position at the level of Assistant or Associate Professor. The 
ZNI, which is supported by major funding from WAM. Keck Foundation and 
‘other significant philanthropic sources, is housed in a recently completed 
{facility of 125,000 gst. The goal of the ZNI isto catalyze amajor expansion 
in basie neuroscience research at the Keck School of Medicine (KSOM). 
‘We seek a neurobiologist, Ph.D. and/or M.D., with an outstanding academic 
‘record anda innovative research program in cellar, molecular, or systems 
Jevel processes as they pertain to fundamental aspects of neural development 
tnd function. The successful candidate will eceivea generous start-up pack 
tage and will become part of an active and growing research group within 
the ZNI, The successful candidate will have a primary academic 
‘ment ina basic science department within the KSOM. He or she will have 
the opportunity to participate inthe scientific and teaching activities ofthe 
department, as well a in USC's neuroscience graduate program, 
Applicants Should subynit a curriculum vitae, a research plan, and three 
[etters of recommendations to: 

Jeannie Chen, Ph.D. 

Chair, Search Committee 
‘Zitkha Neurogenetic tastitute 
Keck School of Medicine of USC 
1801 San Pablo Street, ZN 
Los Angeles, CA 90033 


Women and minority candidetes ave encouraged to apply 
Equal Opportunity fr oustanding: men and women 


University of California Los Angeles 
Tenure-Track Faculty Position 
Microbiology, Immunology and Molecular Genetics 


The Department of Microbiology, Immunology and Molecular Geni 
{es at the David Geffen School of Medicine at UCLA is opening 
‘broad search foran outstanding investigator proferably atthe Assistant 
Professor level. The department has very strong research and teach 
ing programs (http:/www.mimgucla.edu) with extensive ties and 
‘opportunities for interdiseiplinary collaboration with laboratories in 
the Schools of Medicine and Engineering, the College of Letters and 
aces, the California NanoSystems Institute, the Jonsson Compre- 
hensive Cancer Center, and the UCLA Institute of Stem Cell Biology 
and Medicine. This tenure-track position offers a guaranteed salary 
‘base, outstanding fringe benefits, and an attractive start-up package 
With state-of the-art research facilities in a new buikding. The successful 
nididate will also be the first recipient of the endowed Shaper Family 
seer Development Chair. 


Applications will be screened beginning November 1, 2007, ant 
accepted until the position i filed. Applicants should submit full eur- 
riculum vitaeanda brief describing their accomplishments and 
future goals in research and teaching. Applicants should also arange for 
‘throe letters of recommendation tobe sent under separate cover directly 
to the Chair ofthe Search Comite. Electronic subenissions will not 
‘be considered. All materials should be mailed to: 
Chair, Faculty Search Committee 
Department of Microbiology, Immunology 
and Molecular Genetics 
University of California, Los Angeles 
1602 Molecular Science Building 
Box 951489 
Los Angeles, CA 90095-1489 


The University of California is an Equal Opportaniy/Afirmative 
Aetion Employer. All qualified candidates are encouraged to apply: 


COLLEGE OF AGRICULTURAL 
& ENVIRONMENTAL SCIENCES 


Initiative in Global Environmental Change 
and Conservation Biology 


The College of Agricultural and Environmental Sciences, 
California, Davis, is participating in an initiative inthe area of global 
environmental change and conservation biology that includes the 
recruitment of six new positions, Three positions were filled last year, 
and the remaining three positions are being recruited now. These three 
positions will be enure-track at the ASSISTANT PROFESSOR level, 
With the possibility of an appointment in the California Agricultural 
Experiment Station. 


DBAL CHANGE INFORMATICS SCIENTIST: This 
position will focus on integrating concepts from informatics into 
rescarch on global change and conservation biology. Research appli- 
cations could include atmospheric and oceanic ci ¢ 
cles, biogeochemical cycles, ecosystem health, invasive species, 
species distributions, ecosystem services, and human interact 
‘with these. To ensure full consideration applications must 
submitted by October 8, 2007. 


QUANTITATIVE PLANT CONSERVATION ECOLOG! 
This position will focus on the plant conservation impacts of lar 
scale environmental change by combining field and/or laboratory 
studics with innovative modeling and statistical techniques. Research 
applications could include the development of landscape and plant 
population models needed to forccast best practice strategies for 
‘maintenance of biodiversity in natural and managed ecosystems. To 
«ensure fll consideration applications must be submitted by October 
1, 2007, 


CONSERVATION VALUATION ANALYST: This position will 
explore how society values biodiversity, species conservation, 
‘cosystem services, natural capital and wildlands by combining 
‘methods from various approaches and disciplines inchudit 
‘nomics, cognitive psychology, survey desi 

The submission date to ensure full consideration of applications has 
‘not yet been set for this position 


Recruitments that have becn completed in this initiative are: 


large-scale environmental change 
bution, and role in ecosystem functioning of animals, particularly 
fishes oe amphibians 


ECOSYSTEM BIOGEOCHEMICAL MODELER: This fac- 
‘ulty member has skills and interests in understanding and forecasting 
ecosystem and biogeochemical dynamics in the context of global 
and regional environmental change. 


JOECONOMIC MODELER: This faculty member has skills 
and interests in integrating concepts from economics and ecology 
into quantitative bioeconomic model. 


Please visit http://recruitments.caes.ucdavis.edu/ for application 
requirements and for additional information about these positions and 
the Global Environmental Change and Conservation Biology initiative 
at UC Davis, Please contact us at swcdavisedu, if 
you experience problems with the webs 


UC Davis is an Affirmative Action/Equal Employment Opportunity 
Employer and is dedicated to recruiting a diverse faculty 
community. We welcome all qualified applicams to apply, including 
women, minorities, veterans, and individuals with disabilities. 
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RESEARCH ZOOLOGIST 
Department of Vertebrate 
Zoology 
National Museum of 
Natural History 
‘Smithsonian Institution 


The Smithsonian's National Museum 
of Natural History secks an outstanding 
systematic zoologist to conduct an integra- 
tive, collections-based rescarch program in 
vertebrate systematics in the specialty areas 
of herpetology, ichthyology, mammalogy 
andor omithology. The success candidate 
is expected to implement curtemt methods 
inreseach, eg phylogenetics, morphology. 
riolecular genctis, studies of anatomy, fine 
siructure andor developmental biology in 
pursuing a research focus in systematics 
and one or more ofthe following: evolution, 
‘biogeography, biodiversity or conservation 
Frequent publication in peer-reviewed joure 
nals and curation of collections, including 
collcetion-building, in specialty area ts 

ed, as well a8 demonstrated ability 


ipation in the scientific community 
iy 9 manner commensurate with emerging 
leadership in the area of specialty 

This position is a full tally four- 


Year form appoinanet, and wil be led 

Ii the GS-12 evel (cure salary range of 

$0.76 $46,801 por year commenauate 

wih experience, wih an aatcipted Feral 

Salary cream Janay 2008), US ein 

ship fequed. Completed applications may 

betubmited in any ofthe lowing four 

Pini to Smithsonian testitution, 
Orce of Human Resources, RO. Box 
25772, Capital Gallery SiteSO60, IRC 

Washington, D.C. 20026-3772 

ent via Fa t (202) 633-6402, with 

fimnouncement aumber on all pages 

~) 

+ Hand Delivered rent ia FEDEX wo 600 
Margland Avenue SW, Capital Gallery 
Bldg. Suite 1OOW, Washington, DC 
200i 


E-mail applications will not be accepted 


Applications must include (1) complete CV 
including list of al professional publications 
andall extramural grants received with agen 
ies, funding periods, and amounts; (2) one 
setof selected publications; (3 ist, with con 
tact information, including e-mail address, 
‘fat least $ individuals from who letters 
‘of professional evaluation may be sought: 
and (4) cover letter specifically addressing 
the quality ranking factors that appear inthe 
vacancy announcement which is available 
at www.siedu/ohe, Applications must be 
received by September 28, 2007 and must 
reference announcement number 07-RC 
"7283, For further information call Office of 
Human Resources (QHR) representatives 
at (202) 633-6370 or (202) 633-6409 (TTY). 
Applicants who have completed education 
in foreign colleges or universities must 
demonstrate that such education is at least 
‘equivalent tothat gained in conventional US. 
‘education programs; sce Vacancy Announce 
‘ment or contact OHR for further details, 


The Smithsonian Institution is an 
Equal Opportunity Emplover: 
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‘TECHNICAL OPERATIONS MANAGER 

‘The American Institute of Biological Sci- 
ences seeks a senior nonacademic individual 
to serve as Operations Officer in the Scientific 
Peer Advisory and Review Services (SPARS) 
Department. The Technical Operations Man- 
ager, who reports to the SPARS Director, will 
prove technical and administrative oncesight 
Of the business unit and supervisory respons: 
bility For senior and support staff. The position 
provides high-level policy, scicntiic and tech 
bial support, and senior icadership to the In 
stitute. Qualiications: The ileal candidate will 
hhave an advanced degree (MBA., or PhD. 
with business acumen strongly pecfered), Min 
imum of five years of expericice and demon 
strated access in 3 lange and complex research 
enterpese, preferably in a business, foundation, 
for goverment sctting. Thorough understand 
ing of socntiic pocr review process, and ex 
celknt communication skis, written and or, 
are essential. Demonstrated managerial skills 
Sufficent 1 kena and communicate projet 


geal, to mociyate and support vanous levels of 
Persoand, and w eficctiely eversce onpanica 


tional change and provide leadership. while 
kudding the changes Eapericnce with person: 
facliwucs and demonstrated skills in contract 
and’ grant management and fiscal analysis 
[Ability to analyze information to resohe con 
fits and discrepancies. Skill in writing, editing, 
and proofreading. Demonstrated organizational 
silt required. Ability to work independently 
and atamembce ofa team, Excellent comm 
bsication sbills required to negotiate contracts, 
Supervise staff, and interface with individuals 
at all levels. Demonstrated knowledge of fe 
tral policies governing the administration of 
‘ontracts, gran, iNgTapEIY aCCMENRS, COLPET 
ave agcoment, and wilvontracs. Advan 
egree in baunow managsment, bloga 5: 
fences, or engineering preferred. Demonstrated 
Knowledge of project management techniques 
and practices, Skills to work in a fst pace com 
px crvironment at a senior evel with lite 
Dveright. Strong. interpersonal sills and dem 
onstrated ability to articulate the progeam w 3 
‘anety of audicnees Applicants shoul send thei 
cover Ketter, salary requirements, and curricula, 


The Physics Department at Wheaton College 
(illinois) invites applications for a tenure-track AS- 
SISTANT PROFESSOR position starting fall 
2008. Ficld of expertise is open, with special 
ideration given to candidates with backgrounds 
in astronomy or biophysics. Applicants must be 
committed to excellence in both teaching and 
‘chobieship ina liberal arts enviconment. Faculty 
who can develop innovative and/or physics educa 
tion rewarch-based curricula are being sought. The 
successful candidate would alto establish a research 
peogram invohing undergratustes, Ph.D. is required, 
The College i located 25 miles west of Chicago and 
{near two national hboratorics. For more informa: 

eww. wheaton, 
tions will begin 
2007, and continue wail the position 
fs filed. Applicants’ should send curriculum vitae 
and a description of the applicant’s teaching philos- 
‘ply and research interests to: Dr. Stewart DeSoto, 
‘Chair of the Physics it, Wheaton Col” 
lege, Wheaton, IL 60187. Application materials 
will be sent to cligible candidates. 1Vieatow Colle & 
(at ciel Pronetant Clan eral at celle ease 
Inity and sf affom 4 Statoment of Fsith and adie 1 
‘estyleexperons. The Call complis sith ford and 
ae guidelines of mondisoiminston ov employment. Women 
ond imnoneyapphiants ae eneeeaged app 


fpositions opeN 


ee 
ey 
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Rf Sete 
Se 
pd ay tne 
pailaerel page So 
Somers ema sek 
chee Tage ee 
Reet eae 
cee rata 
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Se eomrntreoumrenes 
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Dept Eat 
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VERTEBRATE ECOLOGIST 
ASSISTANT PROFESSOR, 
‘Agnes Scott College 
The Department of Biology secks outstanding candi 
dacs in vertebrate ecology for a tenure-track Assistant 
Professor position. A commitment to undergraduate 
‘education and an undengraduate-accessible research, 
[program are required. Teaching. responsibilities 


include upper-divsion sours in ecology and verte 
bate biology, behavioral ecology, and inquiry. and 
og. Qualifications: Ph.D). in 


Bisogys postdoctoral psionce, dtponentd re 
search and teaching, excellence, super com 
fmunscacon sills ae the. abi co! work ara 
member ofa tam Review of apicaions wl begin 
SGpember 31, 3007, Nal kero pian, cr 
‘lum sexe; satcment on teachig, phos, 
Sennary of cach frst and ftir pan ad 
Sit nao fr de ees dBc 
Sat Search Commitee Chis Deparenent of 
Biolog, Agnes Seon Calege HE, Galege 
‘Avene; Detar, GA 300305 Flas vat web: 
itipi/formagnetcotteds for more tal. 
KenL Scar Caicge eS Highly” sec, ide 
fRisent sation Bherl ans‘cllge for women 
Er i mtopaian Ana fo mor ir 
ton sbour the Cage, vist cur website Rup 
www. cede er Scott College has a strong 
riya tps mente g deepened 
oom ery pl pote Ep 


wwwsciencecareers.org 


From life on Mars 
to life sciences 


For careers in science, 
turn to Science 


If you want your career to skyrocket, visit Science 
Careers. We know science. We are committed to 
helping you find the right job, and to delivering the 
useful advice you need. Our knowledge is firmly 
founded on the expertise of Science, the premier 
nice of AAAS. 


scientific journal, and the long exp 
in advancing science around the world. Science 
Careers is the natural selection. 


www.ScienceCareers.org 


Features include: 

* Thousands of job postings 
© Career advice 

* Grant information 

* Resume/CV Database 

* Career Forum 


Science Careers 
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POSITIONS OPEN 


BIOINFORMATICS. 
Franklin and Marshall College 

‘The Biology Department invites applications for a 
tenure-teick ASSISTANT PROFESSOR position 
in the broad area of bioinformatics, beginning. fll 
2008, We seck an oustanding teacher and researcher 
ho uses genome-scale approaches to understand 
Fundamental biological questions. Rescarch interests 
‘may include, but are not limited to, functional or 
comparative genomics, cellular systems such as sg 
naling or transport, gene expression, or evolutionary 
‘genomics, Candidates should have a Ph.D. and dem 
‘onstrated strength in teaching and research, Teach~ 
ing responsibilities (three/rwo load) include kere 
and laboratory sections of a junior-level course 
imolceular genetics, an advanced clective in biowntor 
‘matics oF genomics or systems biology, and partic 
jpation in. the general ‘elucation curriculum. In 
Addition to the biology major, we offer intenis- 
Ciplinary majors in biochemistry and molecular 

ology” and in biological foundations of behavior 
(neuroscience and animal behavior). Possible re 
search opportunities are available in’ collaboration 
‘with the Clinic for Special Chikren (website: hap:// 
www.clinicforspecalchildren.org/). Franklin’ ant 
Marshall College has a tradition of excellence in 
science and student research, A new Life Sciences 
Building opencel in. August 2007, 

lease send a letter of application, a statement that 
inchides plans for actively engaging, undergraduates 
through teaching and research and expliins your 
‘goa for development asa teacher and scholar, cur 
Ficulum vitae, and undergraduate and graduate 
transcripts to: Professor Ira Feit, Department of 
Biology, Franklin and Marshall College, Lancas- 
ter, PA ‘17604-3003. Applicants shoukt also have 
thrce reference letters sent directly to Professor 
Feit, Priority will be given to completed applications 
received by’ September 24, 2007. Electronic sub- 
missions will nor be accepted, 

Franklin ad Manlall Clie bc 4 igh sltve Merl 
ans elle with a demonstrated commitment 12 etal 
planation Egat! Opportunity Eimploye. 


MOLECULAR OLOGISF, ASSISTANT PRO- 
FESSOR, tenure trick, Ph.D. required. Poston 
wil beg In Seprember 2008. ‘The sanakiate i ex 
pected to superse undergraivate ecarch ant to 
teach intrductory Biology chee, inmotion to 
research, molecule biology, and mictoboogy. The 
Applicant will have the Spportunity to develop 
‘lhrses in his/her speck Sid wil be enpected 
{ive a research program acesuble to under 
fait at wel ¢ mann heron aca 
Beymer ors 
fai an animal collection, an bert, gree 
house; an aquarium roomy and a 289-becare bio- 
logical ld seaton, Candidates should submit thle 
‘ricuhim ste, statements of teaching plsophy 
Snd researc inerest, and thrce ker of revo 
ineiton to: De. Stuart Alison, Bology Depart 
ment, Knox College, Galesburg, TL- 1401. We 
‘l'art reviewing applations on Octobe 1, 2007, 
St continue ntl the postion ffl For more 
on check webwite: 
‘x 
Ts ping Wk 17 Tyr eminent pl its, 
Kees Coie purely wees spate fon eet 
tnd moni of le hal nademqwcented pope 


ASSISTANT PROFESSOR. Tenure-track fcuhy 
atin in Depart of Chemical Enginsrng st 
Bist See at Unversity of Clin Davi 
‘cperimenlthemadynami of mata: PhD. ia 
Ise hel ring cha 
‘elt dcpinerured. Apps ar webste: BUp/7 
rer cheat ciara eoployment/ ame 
ea tet ee eee Oh coment, 
‘ibmitappcatons no ltr than October 30,2007 
Stare sate July 1y 2008. UC Daw 4 sv lina 
Acton! ged Onpotinty Eipoy and deed fo 
rein den fay omy, 
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SUPERVISORY RESEARCH 
PHYSIOLOGISI/SUPERVISORY RESEARCH, 
NCTRITIONIST 
Salary Range of $94,139 to'$143,955 per annum 

The USDA, Agriouural Rescarch Scrice (ARS) 
Westem Haman Nutniion Resarch Center at the 
Univeniey of California, Davis, ints applications 
foe the RESEARCH LEADER penn in the Obe- 
Sp; and Metabo Resch Uni Tis Unit com 
Go cuming ge racach in obeary and metaboln, 
Sand vitamin and mincral interventions to improve 
inuman health and Rincoon. kn ton to respon 
sibiley for recarch leadcrhip and management of 
fiscal and human resources, th candidate wil con 
dlc a strong resarch program on integrative nut 
tion intevention to prevent beat that may inde 
tthole-onganism physiology an humans an ani- 
nals, and rechniques to chckdate underying mech 
nists of acto Desrable quallfations indus 
PhD. of equivalent degre in suarton, psclogy, 

cchemitry, endoxnnology, or related science that 
inches metabotun, working know kelge of rescarh 
trith human subjects, and evidence of muds 
Plinary team Teale. US. citienshp required 
For dais and appiicition dictions sce webal 
Inetp://www.usajobs-com.. Direct specific ques 
tions 00 Dees Lindsay H. Allen or Nancy Keim at 
telephone: 630-762-5268. Announcement doses 
October 9, 2007. USDAVARS ian Ip! Operon 
Timployr and Porte 


ASSISTANT PROFESSOR, 
‘of Organic Chemistry 

Mills College invites applications for a fall-time, 
tenure-trick postion at the rank of Awistant Pro 
fewor, beginning August 2008, Primary teaching. 
sludes will include orgarsc chemisty andl same o 
division courses, which could focus on areas stich as 
‘organomctalhe or bio-organic chemistry. The candi 
late fs expected tor develop an active research pres 
{gram involsing undergraduates. A Ph.D. i required; 
postdoctoral work andl college teaching experience 
{s preferred. Applicants should submit a cover letter 
detailing. teachin : and re 
search interest, 
nares and cont information fo thre protein 
‘rclerences to: Profesor John Brabson, Department 
‘of Chemistry and Physics, Mills College, Oakland, 

“Application deadline is Octobe 1, 2007” 

the San Francisco Bay Arca, Mills is a 
sclective liberal ans college for women, with co: 
‘edlucational grachate programs (sce website: hetp:// 
‘wrew.mills.edu). Pron of wor and thoe commit 
terking tn 4 malsctanl cmtomwnrnt are eninated te 
ly. Affmstive Action Equal Opporunity Employer 


Applications are invited for an academic-ye 
tenure-track ASSISTANT PROFESSOR position 
in iparian ecology with the Fish and Wildlife De- 
partment at the Unhersty of Idaho, Requires a 
Ph.D, with a focus on sparian ecology emphasiz- 
ing impacts of humans on riparian system dynamics 
from headwarer systems to large rivers, biotic-abiotic 
interactions, and restoration; successful rescarch pro- 
ductivity through external funding and refered pub- 
fications; and a commitment to teaching excellence 
Postdoctoral or equivalent esperience is desied. The 
ssucocsl candidate is expected to develop a compre 
hemi, extemal funded research program invading 
‘graduate students, and will teach an undergraduate 
Souree in ripanan ccologs and management, parti: 
{pate in other undergraduate courses 3s needed; teach 
2 graduate coure in riparian ecology, management, 
and restoration; and a graduate course in specalty 
area. Fora complete dese 
please vist website: 


tie Aen Esl Opprtenity Employer. 
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POSITIONS OPEN 
"TENURE-TRACK FACULTY POSITION 
‘Marine Genomics 

The Department of Biological Sciences, Unk 
vessity of Rhode Islind invites applications for a 
tenure-track position in marine genomics at the 
ASSISTANT or ASSOCIATE PROFESSOR level 
{vailable fll 2008, Research interests in genon 
‘logy relating to physiology, devdopment, ecological 
[genetics or evolitionary genctics Of marine organ 
fhm preferred. Additional background in systemat 
ics preferred. Ph.D. in biological sciences or related 
area required. Postdoctoral research and teaching 
‘eaparence prefered. Teaching dutis will inch 
trodctory arxh advanced courses in arcas of specialty 

at enhance our undergraduate and graduate degre 
‘programs. Candidates must demonstrate through ei 
ation, publications, research plan, statement of tae 
ing. piilosoph, keters of eaommendation and/or 
‘eaperience, potential for excellence in teaching, and 
for developing a high quality, nationally recognized 
and extemaly funded research program in. marine 
kenomics. Vist our Department websites: http://, 
vwww.i.edu eck /bio/ and http://www uricedo/ 
Eman zooms fr aidan nnion, Send 
(no e-mails or faxes, pleae) a cover Ketter, current cur 
clu ac, state of teaching. philosophy, re 
serch plan, copies of up to thre published pup, 
and arrange to have three letters of reference sent by 
Ocrobsr 1, 2007, to: De Jacqueline F. Webb, Search, 
Chair (Requisition #SCIO1 1828), University of 
Rhode Island, P.O. Box G, Kingston, RI 0: 
URE is an Afiomatie Aon gual Employment Oppo 
tunity employer thar valves diversity an Ut as an NSH 
ADVANCE insite transformation univ, woking 
i aha the caret of women nity, eel the em 
tnd engine dpe 


The Deparment of Biological Scicnocs at Welly 
ales es apo ena tak 
tion atthe rank of ASSISTANT. PROFESSOR to 
begin Augist 2008. We are sccking a broadly 
trained BIOLOGIST who 8 strongly committed 
‘excellence i both teaching and rexcarch ina ibs 
ral arts college envionment. The postion is open 
ayy fed cf icogy ower, weere nnetes in 
“andilatesin developmental biology cnloctinology, 
for behavior The muccessful candidate will each 
‘ourscs at ail levels of the curriculum and dev 
Sn active research program that involves under 
fraduates, A Ph.D. and postdoctoral experience ae 
equi. Applications shoul ince a Sovet fet 
‘Surrculum uae, statements of teaching and esearch 
erat, and thie letters of recommendation 
‘Material shoul be submited in Word or PDE 
format to email bioO7search@wellesley.cdu oF 
railed to: Kaye Peterman, Department of Biolog 
ical Sciences, Wellesley College, Wellesley, MA 
2481. The deadline for receipt of all appication 
materi is Oxtober 15, 2007, For more inform 
tion about becoming a culty member at Welle, 
please sist website: http//wow.wellestey.edu/ 
DeseChlege/Bvemin/Spen por propecive 


EVOLUTIONARY DEVELOPMENTAL 
BIOLOGY 
The Department of Eology and Evolutionary Bi 
‘logy at dhe Univeraty of Cobra acks to hie a 
ASSISTANT PROFESSOR in evolutionary devel 
‘pmental biology. We encourage appiations from 
those adresaing questions atthe gesomic, mokeu 
ir colar, ar orate, ing 
‘slanotes, Applisante must submit crt 
itt sas and etc of rocarch and tachi 
intereat the frm of singe PDE fie via eal 
cvodevo@colorada.edu. Applicant should. a0 
Stange for thee ters of rerence to be sat to 
the sine comall addres. Review of applications will 
begin on Scpember 24, 2007, The Unventy of Ca- 
cle iy ts mel w bry eo ey ce 
(aie ant cooper 


aww sciencecareers.org 


Q AAAS 


Who inspires 66 | study the mathematical equations that 
describe the motion of water waves. 


brainwaves while Different equations represent different waves — 
waves coming onto a beach, waves ina puddle, : 


| study water waves? or waves in your bathtub. Then when I've 
surfed the math, | like nothing better than to 
spend the rest of the day surfing the waves. 


This field is very important. The better we can 
model water waves, the better we can predict 
the patterns of beach erosion and natural 
disasters such as the tsunami in South East 
Asia. And this research can be applied to all t 
sorts of regions around the world. ‘ 


~ 
Being a member of AAAS means | get to learn || H 
about areas of interest | might not otherwise ~ 
encounter. It gives me valuable opportunities to ~ 
exchange ideas with colleagues in other fields. 


And this helps me find new approaches to @@ 
my own work. 


Dr. Katherine Socha is an assistant professor of 
mathematics at St. Mary's College, Maryland. 
She's also a member of AAAS. 

See video clips of this story and others at 
www.aaas.org/stories 

Katherine Socha, Ph.0. 


Assistant Professor of Mathematics 
and AAAS member 


MV AAAS 


ADVANCING SCIENCE, SERVING SOCIETY 


aree! 
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POSITIONS OPEN 


FACULTY POSITION 


in Drug Delivery 
ASSISTANT/ASSOCIATE PROFESSOR 
fn Pharmaceutics 
The Department of Pharmaceutical Sciences at 
‘Wayne State University (WSU) invites applications 
for a. L2-month tenure-track faculty position in 
ipharmaccutics/trug delivery at the Assstant/Aswxiate 
Professor kvel. The Deparment occupies state-of 
the-art space in the new 270,000 square-foot Col 
lege of Pharmacy and Health Sciences buikling on 
the WSU Medical Campus located in the cultural 
center of Detroit. Further information about the 


Department ean found at website: hetp:/ / ww 
cpasrerscda/pechoas, Pesta ealool 
el abaesee operas eam wh 
Deparment, WSU Nanoscence and Nanotechnc 
ogy Initiative (webs research. wa 
eds namo), Schon of Nake and he Komerat 
Cancer Taste 

‘pplicunts should have Ph.D. taining in pharm 
cout, enginccring, chemistry, or relat arta, Sic 
‘sf candidates are expected to establish ana Kad 
fn eatramurlly funded program in the broadly de 
fined area of drug delivery and be responsi for 
scshingphasmacokin 
PharmD," program, as well as graduate couric 
The position insludes a competitive startup pack 
and benef, 

To ensure fall consideration, applicants must use 
the online application website: http: //Jobs.wayme. 
feu, Search Postings using. Department 1822 
Tharmaccunal Sciences, and submit documents online 

wr the Pharmaceutics pening. Piss inch cur 
fila ita summary’ of esearch plans an! waching 
toners, 
Review of applications wil begin. on Se 
2007, ant continue une the postion i 
inguiis tothe Search Commitee Chair, De. David 
Supt ena pkhyewarneat 

Wayne She Uni Tiga Oppseiy Linpye 


ORGANIC CHEMISTRY 
Dartmouth College 

Applications are invited for a faculty position at 
the ASSISTANT PROFESSOR level starting July 
2008, "The Chemistry Department sccks an individ 
ual who ‘will establish a nationally recognized re 
search proggam in organic chemistry at Dartmouth, 
and who will exeel at teaching in our undergraduate 
and Ph.D. curriculum, We are particularly interested 
in individuals with a strong’ background in the 
‘organic chemistry of materials of biomaterials. Cary 

Will be expected to be able to teach intr 

andl advanced courses in organic chemistry, 
4s Well ab graduate courses in th 
Applicants: should submit care 
Seription of their research plans, and a. brie state 
ment about their teaching interests, Applicants 
should also arrange o have three letters of recom: 
menslation sent on their behalf. All inquiries and 
applications will be treated confidentially. The 
Committee will begin te consider completed ap 
plications on October 15, 2007. Application mate 
Fils shold be sent tor Chait, Organic Chemist 
Search Committee, Department of Chemistry, 
6128 Burke Laboratory, Dartmouth College, 
Hanover, NH 03755-3564. 1h ew damnianon 
of male and fle students sad oer quer of the der 
rane tide popelaion members of ivory grog 
‘Dartmoittscmied te dee ant encomapes pple 
tis fom women snd minis. Darou Cole an 
Eig! Opporinty snd Affe Acton Epler 


“ACULTY POSITION 
Physieal Industrial Pharmacy 

The Universit of Minnesota College of Pharmacy 
Deparment of Pharmaceutics invites nominstions 
and applisations for the position of ASSISTANT/ 
ASSOCIATE PROFESSOR. Visit webs. 
hxp:/ Awww uumn.edu /employment for 
‘postion deserption. The Unemiy of Mimcce an 
qu Oppotonty Ector od Empye 
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‘BIOCHEMISTRY TENURE-TRACK 
FACULTY POSITIONS 
Department of Chemistry and Mokcular Biolog, 
omh Dakota State University (NDSU) has ow 
l-time, nine-month tenure-track faculty positions 

available August 2008. Ph.D. in. biochemist 
‘chemistry, or molecular biology (strong background 
in chemisty/biochemistry) required. Postdoctoral 
cexpericnce prcterred. Applicants with research in 
terests in metabolic regulation, regulation of gene 
expression, or related areas are encouraged to apply 
‘Teaching ‘duties may include core biochemistry 
courses at the undergraduate of graduate kevels and 
8 graduate course related to specialty area. Each can- 
idate must have the potential to develop an exter 
nally finded, competitive rescarch program and 2 
‘commitment to teaching and sence. It is expected 
that the successful candidate for the regulation of 
‘gene expression position, in addition to developing 
Foarch program, will ako participate in collabora 
tive research with the staff of the newly created 
NDSU Forensic DNA Facility. Positions are open at 
the rank of ASSISTANT PROFESSOR. Screening, 
‘ill begin October 1, 2007. For further information 
Gia fll application rojairemients sce webaite: heep:// 
‘www ndsuedu/ndsu/jobs/non_broadbanded/ 
Positions /0002 1444 shunt 


‘Contact person: Dr. §. Derek Killilea, Depart 
ment of Chi and Molecular Biology, North 
Dakota State University, Fargo, ND 58105, 


“Telephone: 701-231-7946, fax: 701-231-8324, 
NDSU team Usp! OpponveinyInon 


EVOLUTIONARY/ECOLOGICAL 


‘GENOMICS 
The Deparment of cology and Evoly 
the Institute of Genome and Systems. Biolo 


jointly secking to fill a faculty postion wi 
wlivalual applying large-scale data approaches 
‘questions in ‘ecology or evolution. The successfil 
‘Candidate will address scientific problems or bic 
ical systems with potential to be applicd. Rank ts 
‘open, with a preference for candidates at the level 
ASSISTANT of ASSOCIATE PROFESSOR. In 
terested applicants should submit curriculum vitac, 
selected reprints ad 
search and teaching in 
axidresics of thrce references to website: hetp:// 
genomicssearch.uchicago.edu. Applications. will 
bbe accepted until the postion is filled, but applica 
tions should be received before 15 October 2007, 
‘ensure fll consideration. The University of Chia & an 
Affirmative Acton Lal Opportnty Empliyer 


CAREER OPPORTUNITY 
This unique program offers the canditate with an 
‘earned Doctorate inthe lf sciences the opportuni 
‘obtain the Doctor of Optometry (O.D.} degree i 
27 months (beginning in March of cach year) 
Employment opportunitics exit in research, cs 
lustry, and pavate practice. Contact the 
Admissions Office, telephone: 800-824-5526 at 
the New England College of Optometry, 424 
Beacon Street, Boston, MA 02115. Additional infor 
ration at website: http://www.neco.cdu, e-mail: 
admissions@neco.edu. 


POSTDOCTORAL POSITIONS (10 10 four 
year) at University of California, Irvine to study 
‘Stress responses of human embryonic and neural 
stem calls Calls subjected to onndative stress and. 
irradiation will be analyzed for changes in survival, 
proliferation, and fte in various rodent model, 
Desired skill: stem cell growth and characteriza 
‘on, animal /stercotactic surgery, expert in rod 
and radiation biology. Send curnculum vitae to: 
Dr. Limoli, Department of Radiation Oncology, 
University of California, Irvine, Medical Sciences 
I, Irvine CA 92697-2695. E-mail: dimoli@uci.cdu. 
OCH an Equal Opportunity Afirmative Acton Exployr: 


ANNOUNCEMENTS 


POSTDOCTORAL POSITION in cancer ge: 
netic epidemiology and genomics. Starting fall/ 
‘winter 2007, a Postdoctoral postion is available (0 
studies. The foous 
ff this translational laboratory is on inherited suscep 
tibiity to cancers of the breast, ovary, colon, afd 
prostate and lymphoma. Access to high-throughput 
ing platforms and a large number of rscarch, 
roma genetic isolate (Ashkenazi) isavalable. 
Methodology sndudes candidate gene association 
studies (soe Science 297:2013, 2002; Cancer Res 
{66:5104-10, 2006 and 64:8891-900, 2004) and 
Tinage disequilibrium mapping (see Genetic Epide 
‘nialary 30:48-61, 2006). Applicants will gencrally 
have a strong background in molecular genetics ad 
statistical genetics, Send curriculum vitae and three 
lewers of reference to: Kenneth Offit, M.D. 
M.P.H., Clinical Geneties Service, P.O. B 
192, Memorial Sloan-Kettering Cancer Center, 
1275 York Avenue, New York, NY 10021. Fax: 
212-434-5166, E-mail: offitk@mskec.org. Moo 
tal Shn-Keuesing Cancer Contr isan Equi Oppority 
Employer witha avongcoanitnent to enhancing the diversity 
of ts faity and aft Women and applicants from dene 
‘aca, etn and alr hagrds a ensured 0 apply 


An NIH funded POSTDOCTORAL POSITION 
is wallable in Dr. Xu Luo's Laboratory at the Eppley 
Institute for Cancer Research, University of Nebraska 
‘Medical Center. The project involves the biochem 
ical study of apoptosis in mammalian cell, Candi 
dates with recent Ph.D. degree in molecular biology 
for biochemistry are welcome to apply. For more in 
formation, please see website: http://www.unme, 
‘edu/Eppiey/faculty.htm/; N.M. George, J.D. 
Evans, and X, Luo, Gone Dey, 21:1937-48, 2007, 
X. Luo, I. Budiharjo, H. Zou, C. Slaughter, and. 
X. Wang, Cell 94:481-490, 1998, Please sent 
‘euriculum vitae and thee reference leters to: Dre XM 
Lao, Institute for Cancer Research, 987696 
Nebraska Medical Center, Omaha, NE 68198: 
7696, e-mail: xuluo@unmeedu, 


Help employers find 
you. Post your 
resume/cv. 


Science Careers 


www.ScienceCareers.org 


MARKETPLACE 


Oligo Labeling Reagent: 


. sd 7CAL Fluor /Quasar’ Amidites, 
# Amidites for 5’ & Int. Modifications 


"EStandard and Specialty Amidites 
PrCAMOLOOIES SENOM EY 


‘ee shipping for 20+ re 
High theoughput, Direct sequ 
ing from bacteria, phage, genomic 
DNA, PCR products, ha 
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Here's your link to career advancement 


AAAS isat the forefront of advancing early-career researchers 
offering job search, rants and fellowships, skl- building 
workshops, and strategic advice through ScienceCareers.org 

and our Center for Careersin Science & Technology. 


NPA, the National Postdoctoral Association is providinga 
rational voice and seeking positive change for postdocs — 
partnering with AAAS in career fais, seminars, and other 
events n fact, AAAS was instrumental in helping the NPA 
get started and develop into a growing organization and 

a vital inkto postdoc success. 

Ifyou're a postdoc or grad student, oto the AAAS-NPA lnk 
{ofind outhow to spel career success. 


AAAS.org/NPA 


NATIONAL 
POSTDOCTO! 
ASSOCIATIO} 
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More free time and better cloning efficiency in just three simple steps. TOPO® cloning technology allows you to perform benchtop 
Cloning reactions in just five minutes—with up to 95% recombinants. So you always have the clones you need for downstream experiments. 
With more than 10 years of established performance and over 4,000 scientific citations, TOPO® cloning is the method of choice for researchers 
around the world. Whether you're doing general subcloning, sequencing, in vitro transcription, or expression in E. coli, mammalian cells, or 
‘our Gateway® system, there's a TOPO® cloning solution for you, Revolutionize your research at www invitrogen.com/topo. 


6 invitrogen" 
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